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VOLUME 3: SECRET CHILLS 


All the popular magazines agree: The Secret Guide to Computers is the best set of 
computer books ever written. See the reviews on the ba cK cover. 
+a eas = = 


j Volume % "Secret Skills ", hardw ware, liscounts, BASIC 
Volume 2, "Secret Thrills": wil oe eee arts, aoe B ASI 
| Volume 3, "Secret Chi IIs ue micro ma akers, 


You have in your hands volume 3, — — Chills" in 9 in 9 rwild chapters | 
and 2 power-packed appendices. 


Chapter 1 exhumes the latest skeletons of the MICRO MAKERS. 


Chapters 2-5 rip through 23 ALTERNATIVE LANGUAGES: ADA, ALGOL, APL, APT, 
BASIC, C, COBOL, DBASE, EASY, FORTH, FORTRAN, GPSS, LISP, LOGO, 
MODULA, PASCAL, PILOT, PL/I, PROLOG, RPG, SNOBOL, and SPSS. 


Chapter 6 take you BIT FIDDLING as you pluck the guts of assembly languages. 
Chapter 7 launches NUMERICAL ANALYSIS to attack computer errors. 

Chapter 8 rampages through OUR PAST, from Chuck Babbage to Ronnie Reagan. 
Chapter 9 guides YOUR FUTURE: get your feet on the ground and get a head! 
Appendices blow up your HARD DISKS and LISTS of everything you want to know. 


Whenever you have questions about computers, call the author, Russy-poo, at his 
home phone (617-666-2666), and he'll answer all your questions, FREE! Call 24 
hours: he's usually in and sleeps only lightly. The press calls him AMERICA'S 
COMPUTER GURU. You too can call the guru, day or night, whenever you want free 
help. Take this SECRET BOOK home with you, and have a nice day! 


Twelfth edition © 1987 by Russ Walter, just $8! To order, use coupon on back page 


,)9 Donatedto © 
XL} Internet Archive by \J 
. | 
: Kay Savetz | 


Dear You! 

Welcome to the final and culminating volume of The Secret Guide trilogy. It 
reveals the chilling techno-terrors I was afraid to put in earlier volumes. Put on 
your parka and pray! 

Like a bride, this book wears something old, something new, something 
borrowed, and something blue. 

Chapters 2 and 3 reprint our famous classics that demystify FORTRAN and 
COBOL by using chubby chipmunks, giggling goldfish, and terrifying tongue-tied 
tigers. 3 

Chapter 4, on C, is totally new. It's the first C tutorial ever published that 
makes C easy, clears up the mysteries that otherwise make beginners C-sick, and 
reveals the C-cret details of all three top-notch versions: Microsoft C, Turbo C, and 
Run C. 

Chapters 5 and 6 ("Alternative Languages" and "Bit Fiddling") are borrowed 
from earlier editions but heavily revised. Now they include the latest news about 23 
high-level computer languages, differences among the three dialects of PROLOG 
(Marseilles, Edinburgh, and Turbo), and tutorials in both versions of 8088 assembly 
language (MASM's and DEBUG's). 

Since trying to deal with IBM's hard disks makes many computerists feel blue, the 
newest tricks for feeling in the pink are explained in the hot hard-disk appendix. 

The sneaky chapters-—1, 7, 8, and 9—are more fun than a barrel of hot chips. 
(Then again, what isn't?) 

So wake up, blink your video screens, and welcome to the last lost horizon of 
compu-love. 

Your chip lover, 


a ne Ae / wee, 
P.S. For free answers to all your compu-questions , phone me at 617-666-2666, day 
or night, 24 hours. (I'm usually in, waiting for your grin.) 
Hats off to my staff—Jeff Lowe, Julianne Wattles, and Michael Krigsman—for 
helping make this book possible and punderful. For more copies of this kookiness 
and coming cracked corn, clip the coupon on page 287. 
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Book©1 987 apes Walter (ISBN 0-939151-45-6), 22 Ashland St., Somerville, MA 02144 


(1) Opening comments: welcome 


RECENT FAN NAIL 


INTOXICATED 

"Wow—I loved your book. My husband says I talk about computers in my sleep." 
(Los Altos Hills, California) 

"I had a blast reading Secret Skills. I started it on a flight to Vegas and finished 
it 7 hours later poolside—I couldn't put it down." (Paramount, California) 

"I'm high! Not on marajuana, crack, or cocaine, but on what I did at my computer 
with BASIC and your Secrets." (Beverly, Massachusetts) 

"I'm totally overwhelmed by your philosophy. You're great." (New York City) 

"I'm enjoying your books immensely! My fellow workers think I'm strange, 
because of all the laughing I do while reading them. Whenever I feel tired or bored, I 
pick up one of your books. They're very refreshing!" (Acton, Massachusetts) 

"I finished volume 1 at 2:30 AM and had to sit down and send you a B/G THANK 
YOU-poo. A poet I am not, crazy I was not, until I started 18 months ago with this 
computer and then came poo who sealed my lot." (Hinesville, Georgia) 

"I was impressed by the Guide and even more by your answer to my question. 
Perhaps 'Russ Walter Publishers' is too modest a title for what you provide. 'Guru 
and Associated Services' sounds right." (Neshanic Station, New Jersey) 

"Great! When are you going on national TV? The USA needs you!" (Berkeley, 
California) 


BEGINNERS 

"Even an idiot like me can understand your writing. Thanx." (North Muskegon, 
Michigan) 

"You're a godsend. You saved me from being bamboozled by the local computer 
store." (Boston, Massachusetts) 

"I thoroughly enjoy your writing. I've worked with people employed as computer 
experts, but I've never heard anyone explain computers as lucidly as you." 
(Bridgton, Maine) 

"T was scared to go near a computer. I thought I might catch something. Now I 
can't wait." (Paterson, New Jersey) 

"I love the Guide! I've read your book before taking a BASIC course, and I'm 
amazing my professor with my secret skills!" (Olney, Illinois) 

"You should be canonized for bringing clarity and humor to a field that's often 
incomprehensible and dull." (Houston, Texas) 

"Volume 1 was educational and entertaining, with a good beat; I give ita '97'. By 
the way, 97 was my draft lottery number." (Cerritos, California) 

"This is the single book on microcomputers that should be buried in a time 
capsule for future archaeologists. By reading volume 1, I've made my computer sing 
as it works. My wife recognizes the melodies and wants to read the book. I named my 
computer 'Hermes' but didn't fully appreciate him untilI read volume 1. Best wishes 
and thank you. STOP. END." (Park Forest, Illinois) 

"Where have you been all my life? I wish I'd heard of your books long ago. I'd 
have made far fewer mistakes if your books had been here alongside my computer." 
(White Stone, Virginia) 

"Your chapters on BASIC are so clear and fun, I have trouble believing you're a 
mathematician. It's a shame the computer magazines didn't discover you years ago." 
(Philadelphia, Pennsylvania) 


EXPERTS 
"IT write for PC Week and think the Secret Guide's the best book of its kind. I'm 
sending a copy to my little brother, who's a budding byte-head." (Boston, 
Massachusetts) 
"It's really neat! I've been a mainframe computer consultant for many years, and 
when volume 1 came yesterday I couldn't put it down." (Cleveland Heights, Ohio) 
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"I teach DBASE and want to use your ULTIMATE program. Your books are 
outstanding." (Westminster, California) 

"I'm PC coordinator for my company. Volume 1is great. I couldn't put it down. It 
explains everything to beginners better than I ever could." (Doylestown, 
Pennsylvania) 

"Our research center uses and misuses gigabytes of computers. The Guide will 
improve our use/misuse ratio." (Naperville, Illinois) 


PASS-ALONGS 

"Send 150 books. I passed my volumes around the office, and just about everyone 
who saw them wants copies." (Middleburg Heights, Ohio) 

"My dad bought The Secret Guide to Computers to help him understand the 
computer I got for Christmas. It's become the most widely read book in our house. We 
love it!" (Boca Raton, Florida) 

"I took volume 1 to a meeting and used your words as a reason why the group 
Should buy an IBM PC clone instead of the other computer they were looking at. It 
worked." (Sparks, Nevada) 

"Volume 1 changed my computer attitude from scorn and fear to interest. Send my 
brother a copy, for the same transformation." (New York City) 


.CAREERS 

"Thanks to the Guide, I have an excellent job guiding the selection of computers 
in a department of over 250 users!" (New York City) 

"I learned more from volume 1 than a year in the computer industry." (Redwood 
City, California) 

"Years ago, I saw you Sell books while wearing a wizard's cap. I bought volume 1 
and was as impressed as a 16-year-old could be. Now I've earned B.A.'s in Computer 
Science and English. I'm contemplating teaching computers to high school students. 
I can think of no better way to plan a course outline than around your books." 
(Pennington, New Jersey) 

"Our company just released its first software product, and our sales reps are 
panic-stricken. I'm giving them copies of the Guide to increase their computer 
background. Thanks for a super book." (Pittsburgh, Pennsylvania) 

"I'm ordering an extra copy for my secretary, to start her on the path to a higher 
paying and better regarded position." (Belleville, Illinois) 

"Now I'm a centerfold for Computer News. The only reason I let myself be 
photographed was the intention that you and your assistant would be mentioned as 
saving my ass. Some day, I'll find an appropriate way to return the favor. May the 
Light at the Center of the Lotus envelope you." (Kingston, Massachusetts) 


COMPARED WITH OTHER PUBLISHERS 

"I learned more from volume 1 than from a total of 10 books read previously." 
(Honolulu, Hawaii) 

"Your Secret Guide was the best computer book I've ever read. Now my 
husband's reading it." (Little Rock, Arkansas) 

"Thanks a million for a book literally worth its weight in gold. Before 
encountering your book, I spent 4 months reading everything I could find to decide 
which computer to buy. The beginning of your book sums it all up. Where were you 4 
months ago? I'd have to spend over $100 on other books to even come close to the info 
in volume 1." (Chicago, Illinois) 

"I've pissed away lots of money on dumb computer books. Your guide is super." 
(Virginia Beach, Virginia) 

"If you can break even at $8 for these books, lots of guys are ripping us off." 
(Choctaw, Oklahoma) 


OTHER COUNTRIES 
"If you ever come to Paris, give me a call. I'll be more than happy to meet the guy 
I admire most in the computer industry." (France) 
"Volume 1 is GREAT. Thank you, Russy-poo. My wife calls you Rusty Poo 
because she's a doctor and sees quite a bit of it." (Australia) 


(3) Opening comments: recent fan mail 


TABLE OF CONTENTS 


The Secret Guide to Computers is a trilogy including "Secret Skills", "Secret 
Thrills", and "Secret Chills". Here's what's in each volume. 


Soliiiinididininidotninitik CONTENTS OF VOLUME 1: SECRET SKILLS [=)3)0@odloninidiottoidoiok 


The computer industry (kinds of computers, four houses) 12 
The computer's parts (screens, chips, disks, tapes, printers, I/O, software) 22 
Buyer's guide (subculture, periodicals, discounts, IBM, Apple, others) 58 


Personal programming (easy BASIC, go & stop, variables, INPUT, IF, aids) 92 
Powerful programming (DATA, FOR, pretty output, elements, loops, random) 144 


DOS (getting into DOS, external & internal commands, advanced features) 192 
Word processing (background, tricks, template, ending, advanced, buying) 208 
Spreadsheets (bop around, slash, big sheets, final steps, graphs) 228 
Data-management systems (concepts, PFS File, beyond PFS File) 250 
Appendix: versions of BASIC (IBM, Commodore, Atari, Apple, Tandy, others) 270 
Appendix: lists (themes, commands, BASIC examples, errors, coupon) 328 


Joldidoidodidtotoitcitotick CONTENTS OF VOLUME 2: SECRET THRILLS (i )@)¢)()j)doddoooiok 


Amazing applications (frustrations, telecommunication, analyze yourself) 4 
Electronic pleasures (art, music, board & action games, adventure, love) 18 
The literary computer (be poetic, analyze writing, translate Russian) 72 
Artificial intelligence (early seekers, handle English, create intellect) 88 


Computerizing your business (hassles, hard & soft, consultants, accounting) 106 
Advanced prog. using BASIC (subs, cales, style, I/O, SWAP, ON, data files) 116 


LOGO (turtle graphics, math, structures, programs, workspace) 192 
PASCAL (fun, logic, advanced variables) 212 
DBASE (comfort, CREATE, see, revise, switch, INDEX, programs, control) 230 
Appendix: advanced versions of BASIC (IBM, Commodore, Apple, others) 264 
Appendix: lists (themes, BASIC in a nutshell, nifty languages, coupon) 280 


wk CONTENTS OF VOLUME 3 (which you have in your hands): SECRET CHILLS ** 


CHAPTER 1: MICRO MAKERS 
IBM'S PS/2 (models, discounts, graphics, bus, subtleties, speed, what to buy) 6 


IBM PC clones (Leading Edge, keyboards, Compu-Add, PC's Limited, avoid) 0 
Alternative computers (Tandy, Apple clones, Macs, Mac-inspired, world-wide) 11 
Accessories (printers, accessories you don't need) 15 
Software (big 3, upstarts, DOS, discounters, word processing, integrated) 16 


CHAPTER 2: FORTRAN 


Fun (simple programs, carriage controls, popular formats, GO TO, STOP) 20 
Math (numbers, operations, advice about variables) 24 
1/O (READ, omitting formats) 30 
Prettier programs (comments, continuation) 33 
Logic (IF, computed GO TO, DO) 34 
Lists (subscripts, implied DO, DATA, string variables) 38 
Fancy formats (double apostrophe, T, blank records, repeats, E, P) 43 


Functions (SQRT, FLOAT, RAN, maxima & minima, ABS, MOD, trig, calculus) 45 
Exotic features (DOUBLE, COMPLEX, subroutines, your own functions, files) 48 
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CHAPTER 3: COBOL 


Fun (simple programs, abridgments, fancy displays, PERFORM) 58 
Variables (string variables, numeric, decimals, negatives, ACCEPT, editing) 66 
Logic (IF, UNTIL, GO TO, THRU) 74 
Structures (files, group items, SORT, MERGE, subscripts) 80 
Exotic features (IDENTIFICATION, comments, DECIMAL-POINT IS COMMA) 94 


CHAPTER 4: C 
Fun (why popular, versions, prepare, starting, lovely example, \N, PRINTF) 96 


Math (add, beware, int vs. double, largest & tiniest, tricky, advanced) 99 
Numeric variables (simple, increasing & decreasing, short cuts, input, arrays) 102 
Character variables (single characters, strings of characters) 105 
Logic (IF, loops, GOTO, comments, subroutines) 108 


CHAPTER 5: ALTERNATIVE LANGUAGES 
Charts (fascinating languages, which language is best, why study languages) 112 


Mainstream (FORTRAN, ALGOL, COBOL, BASIC, PL/I, PASCAL, beyond) 116 

Radicals (LISP, SNOBOL, APL, LOGO, FORTH, PILOT) 138 

Specialists (APT, DYNAMO, GPSS, RPG, SPSS, PROLOG) 154 
CHAPTER 6: BIT FIDDLING 

Number systems (computers aren't human, binary, octal, hexadecimal) 168 

Character codes (ASCII, EBCDIC, bytes, nibbles) 172 

SEXY assembler (simple, video, flags, jumps, machine language, beyond) 174 


DEBUG (what's DEBUG, how to start, registers, DEBUG's assembler, quitting) 184 
Inside the CPU (program counter, ALU, flags, speed, parity, UAL, address) 192 
8088 details (Intel processors, registers, memory locations, instruction set) 199 
Operating systems (schedule CPU & memory & I/O, personal, IBM, DEC, UNIX) 202 


CHAPTER 7: NUMERICAL ANALYSIS 
Errors (twin problems confusing the computer, how to reduce round-off error) 208 
Estimates (connecting the dots, least-square line) 211 
Solutions (solving an equation, simultaneous equations, area under a curve) 213 


CHAPTER 8: OUR PAST 


Ancient history (Babbage, Lovelace, Hollerith, war, generations, boredom) 220 
Micro history (S-100, keyboards, improved, TI & Atari, Sin & Osborne, IBM) 228 
Famous beginnings (Apple, Commodore, Tandy, Atari) 232 
Cycles (pivotal years, presidential politics) 239 


CHAPTER 9: YOUR FUTURE 
Your career (how to become an expert, how to get a job, how much to charge) 240 


Job tricks (programmer, management, sales, be an entrepreneur) 243 
Spelling (errors, choices) 251 
Education (curriculum, educational applications, purchasing, management) 252 
In the home (work, shop, appliances, government, news, medicine, family) 258 
Dangers (jobs, quantify, asocial, irresponsible, power, crime, privacy) 260 
What to read (periodicals, books) 264 
Get personal (phone, editions, let's meet, how to give a course) 266 
APPENDIX 1: HARD DISKS APPENDIX 2: LISTS 
Setup 268 Nifty languages 276 
Variants 274 Master index 277 
Backup 275 Coupon 286 


(5) Opening comments: table of contents 


7) 
a 
Lu 
a 
< 
= 
O 
a 
O 
= 


Oo 
- 
Lu 
= 
Oo 
O 
— 
Lu 
= 


Si III ooo = =| CHAPTER 1: 


TIBI e 000 
ATA 
WELCOME TO PS/2 


On April 2, 1987, IBM announced a new series of microcomputers, called the Personal 
System 2 (PS/2). Because the new series is better than IBM's older computers and 
also costs less, IBM no longer sells the old ones. So the old series— which consisted 
of the IBM PC and its variants (such as the IBM PC XT, IBM PC AT)-—is dead. 

The old series used 54-inch floppy disks. The new series uses 33-inch floppy 
disks instead, because they consume less electricity, take up less space on your 
desk, are sturdier, and hold more bytes per square inch. 

The new series also offers a better keyboard, better graphics, and faster 
processing. 


FIVE MODELS 
The new series consists of five models. 

The model 25 is intended for schools. It replaces the IBM PC and IBM PC Jr. It 
includes one floppy-disk drive. It costs $1350 with monochrome monitor, $1750 with 
color. 

The model 30 is for professionals at home. It replaces the IBM PC XT. It costs 
$1695 with two floppies, $2295 with a 20-megabyte hard disk. 

The model 50 is for the typical small business. It replaces the IBM PC XT/286. It 
includes a 20-megabyte hard disk and costs $3595. 

The model 60 is for larger businesses. It replaces the IBM PC AT. It costs $5295 
with a 44-megabyte hard disk, $6295 with a 70-megabyte hard disk. 

The model 80 is for businesses so large that they require networking several 
computers together. It's a leap beyond any micro that IBM ever built before. It costs 
$6995 with a 44M hard disk, $8495 with a 70M hard disk, $10,995 with a 115M hard 
disk, $13,995 with a 314-megabyte hard disk. 

CPU. Models 25 and 30 contain an 8086 CPU. Models 50 and 60 contain an 80286, 
which is faster. 

The model 80 contains an 80386, which is even faster. In a cheap model 80 (with a 
44-megabyte or 70-megabyte hard disk), the CPU's speed is "16 megahertz" (which 
means "16 million cycles per second"). In an expensive model 80 (with a 
115-megabyte or 314-megabyte disk), the CPU's speed is 20 megahertz. 

Monitor. The model 25's price includes a monitor. For the other models, IBM lets 
you choose among four monitors: monochrome ($250), typical 14-inch color ($595), 
high-quality 12-inch color ($685), and high-quality 16-inch color ($1550). 

Location. Models 25, 30, and 50 sit on your desk. Models 60 and 80 sit on the floor 
underneath your desk; wires run from those models up to the monitor and keyboard. 


DISCOUNTS 
Instead of paying those list prices, most customers pay less. For example, IBM gives 
a 35% discount to schools and variable discounts to large corporations. 

You can get discounts from mail-order dealers. For example, Harmony sells the 
2-floppy model 30 for $1249, the 20-meg model 30 for $1699, the model 50 for $2649, 
and the 44-meg model 60 for $3899. Harmony's in New York (718-627-1000, 
out-of-state 800-441-1144). | 

If you live in the Northeast, try Computer Factory, which is a chain of discount 
computer stores in New York and nearby states. 
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GRAPHICS 
Models 25 and 30 contain a chip called the Multi-Color Graphics Array (MCGA), 
which produces nice graphics. 

According to the laws of physics, all colors can be created by mixing red, green, 
and blue light in various proportions. The MCGA lets you create your own color by 
mixing an amount of red from 0 to 63, an amount of green from 0 to 63, and an amount 
of blue from 0 to 63; so altogether, the number of possible colors you can create is 
"64 times 64 times 64", which is 262,144. 

After you create your favorite colors, the computer will let you display 256 of 
them on the screen simultaneously. To position those colors on the screen, you use a 
coordinate system permitting an X value from 0 to 319 and a Y value from 0 to 199. 

If you're willing to use just 2 colors instead of 256, the computer will let you do 
higher-resolution drawing, in which the X value goes from 0 to 639 and the Y value 
goes from 0 to 479. 

Models 50, 60, and 80 contain an even fancier graphics chip, called the Video 
Graphics Array (VGA). Its 256-color mode is the same as MCGA's, but its 
high-resolution mode permits 16 colors instead of 2. 


BUS 
The motherboard of each IBM computer contains slots that hold PC cards. The 
motherboard's wires that run to and through the slots are called the bus. 

Models 25 and 30 use the same bus as the old IBM PC. 

Models 50, 60, and 80 use a new style of bus, called the Micro Channel, using a 
technology called Micro Channel Architecture (MCA). The Micro Channel transmits 
data faster than the old bus. Since the Micro Channel's slots are different sizes than 
the old IBM PC slots, they require different PC cards. 


| SUBTLE DIFFERENCES 
To keep models 25 and 30 cheap, IBM included cheaper circuitry in them. Here are 
the details. 

RAM. The model 25 includes 512K of RAM. The model 30 includes 640K. Models 50 
and 60 include 1M. The typical model 80 includes 2M, but the cheapest model 80 
(whose hard drive holds just 44M) includes just 1M of RAM. 

Floppy capacity. On each floppy disk, models 25 and 30 put 720K. Models 50, 60, 
and 80 put 1440K instead. 

Hard-disk speed. The 20-megabyte drive is slow: its average access time is 80 
milliseconds. The 44-megabyte drive is faster (40 milliseconds), and the larger 
drives are even faster (30 milliseconds). 


SPEED 
The models 25 and 30 go twice as fast as the computers they replace (the IBM PC and 
XT and Jr.), because their 8086 CPU is faster than the old 8088. The models 50 and 
60 go slightly faster than the computers they replace (the IBM XT/256 and AT), 
because they contain a faster CPU (running at 10 megahertz instead of 6or 8) anda 
faster bus (Micro Channel instead of conventional). 
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WHAT SHOULD YOU BUY? 
Although those new computers are better than IBM's older computers and cost less, 
they don't cost as little as the IBM clones. You can buy two or three IBM clones for 
the price of one new IBM. Unless you need IBM's new graphics or can get IBM's 
school discount, I recommend that you get a clone instead. 

Most businesses and consumers agree with me. That's why, for every person who 
buys an IBM computer, two people buy IBM clones instead. To put it another way, 
only a third of the people who buy IBM-style computers buy the ones made by IBM. 
In other words, IBM has only a third of the marketplace it created. 

IBM's VGA graphics resemble the beautiful graphics on other new computers, 
such as the Macintosh 2, the Apple 2GS, the Commodore Amiga, and the Atari ST. If 
your main interest is graphics, consider getting one of those other computers 
instead. Their graphic abilities are similar to VGA, their musical abilities are better 
than IBM's, they have larger libraries of software to choose from, and they cost 
less. For bargain-seeking graphics enthusiasts, I especially recommend the 
Commodore Amiga and the Atari ST, because their prices are so low. 
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166 PS GLORES 


LEADING EDGE 
When Leading Edge began selling the Model D computer, it was the most 
cost-effective IBM PC clone. I praised it, and so did Consumer Reports. 

Today the Model D is an even better deal. Leading Edge has increased its speed 
(from 4.77 megahertz to 8 megahertz), increased its RAM (from 256K to 512K), and 
lowered its price (from $1495 to $1095). That's the list price for a two-floppy system. 
For a one-floppy system, deduct $100. Some computer stores knock off an additional 
$100 or $200. 

The Model D's price includes disks containing DOS, BASIC, and the Leading 
Edge Word Processor. Most other clone makers charge extra for such software. 

The Model D's motherboard includes four ports, which let you attach a TTL 
monochrome monitor, RGB color monitor, parallel printer, and serial printer. No 
other low-cost clone includes all those ports. 

The Model D's price also includes a monochrome monitor, to attach to the 
monochrome port. 

Although the Model D is a wonderful computer built by one of the best companies 
in Asia (Korea's "Daewoo" company), many dealers refuse to carry the Model D, 
because its American distributor (Leading Edge) is so horrible. 

Leading Edge requires your dealer to pay for the computers /n advance and wait 
six weeks to receive them. (Most other companies deliver computers to your dealer 
immediately and let the dealer pay later.) 

If a Model D breaks, your dealer has difficulty repairing it, because the Model D 
contains an unusual motherboard whose parts are available only from Leading 
Edge—and Leading Edge is almost always "out of stock" of spare parts. 

If your dealer does repair the computer, the dealer must wait many months to get 
reimbursed by Leading Edge for the labor. 

Leading Edge is also very slow at paying Daewoo, Mitsubishi, and its other 
suppliers. It's continually being sued. 

Dealers summarize the whole situation by saying that the Model D is a "cheap 
computer from a shit company". Because dealers so passionately hate the Leading 
Edge company, they'll grimace when you say, "I'd like to buy a Leading Edge Model 
D". They'll try to convince you to buy a different computer instead. 

The Model D is an XT clone. Recently, Leading Edge has begun selling an AT 
clone called the Mode! D2. Like the Model D, it's built by Daewoo and works well. 


KEYBOARDS 
IBM's computers have good keyboards—and so does the Leading Edge Model D. 
Those keyboards give you audio and tactile feedback: whenever you press a Key, 
you hear and feel a "click". 

Most other clones have poor keyboards that give you no feedback at all. Typing 
on them is like trying to type on a pillow; you're never sure whether your keystroke 
was firm enough to register. Such a keyboard is called pi/lowy or spongy or mushy. 

If you buy a clone that has a bad keyboard, you can replace the keyboard with a 
better one. For example, you can buy a fancy 101-key keyboard with audio and 
tactile feedback for $99 from Northgate Computer Systems in Minnesota 
(612-553-0111, out-of-state 800-328-8907). 
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COMPU-ADD 
For the lowest prices on hard-disk drives and AT clones, contact Compu-Add in 
Texas (512-250-5541, out-of-state 800-531-5475). 

Drives. Compu-Add's drives are manufactured by Miniscribe, a reputable 
company. Compu-Add sells three kinds of Miniscribe drives. 

The cheapest kind is an internal drive for the IBM PC and XT. It costs $339 for 20 
megabytes, $399 for 40 megabytes. 

The fanciest kind is an internal drive for the IBM AT. The drive goes super-fast: 
its average access time is 28 milliseconds. It costs $585 for 42 megabytes, $875 for 70 
megabytes. The price does not include a controller, since your AT's motherboard 
has a controller on it already. 

The easiest kind to install is a hard card, which is a PC card that includes both a 
controller and a miniaturized hard disk on it. Just pop the card into one of your 
computer's slots. It's intended for the IBM PC or XT. Compu-Add calls it the 
Flashcard. It costs $369 for 20 megabytes, $419 for 30 megabytes. 

AT clones. For a complete AT clone, Compu-Add charges just $1704. That 
includes the system unit (containing an 80286 CPU going at 8 megahertz with no wait 
states and 512K of RAM, $945), 64K of extra RAM ($15), a 42-megabyte 
28-millisecond hard drive ($585), and a monochrome graphics monitor with video 
ecard ($159). Just add a printer, a printer cable, DOS, and other software. 

Unfortunately, Compu-Add's keyboard is mushy. 

Services. Compu-Add ships all its products via UPS, free! You also get a 30-day 
money-back guarantee, a one-year warranty, and a year of free technical support. 

The repair service is prompt. If anything breaks, ship it to Compu-Add, which 
will repair it in two days and ship it back to you free by the same method you used. 
For example, if you shipped the defective equipment to Compu-Add via overnight 
express, Compu-Add will return it to you via overnight express, free. 


PC'S LIMITED 
PC's Limited makes IBM PC clones that go faster than IBM's originals. 
In volume 1, I criticized PC's Limited for poor customer service. I'm pleased to 
say that PC's Limited has recently cleaned up its act. 
On the other hand, PC's Limited has raised its prices, so that they're no longer 
competitive. 


CLONES TO AVOID 
PC Discount (in Texas) and Scientific Storage Technology (in New Hampshire) sell 
IBM PC clones at amazingly low prices. But I've received complaints about both of 
those companies, so I recommend you buy elsewhere. 

When you try to buy a computer from PC Discount, you'll be charged extra for 
DOS but won't receive DOS until many months later—if ever. Scientific Storage 
Technology tells its customers that its AT clone contains a 38-millisecond drive and 
has no wait states, but the clone actually contains a 65-millisecond drive and has one 
wait state. 
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ALTERNATIVE COMPUTERS 


TANDY 
Tandy sells many IBM PC clones. It also sells the Color Computer 2, the Color 
Computer 3, the TRS-80 Model 4D, laptop computers, and pocket computers. 

Tandy has made its advertisements more exciting, and its computers are selling 
well. 

But during the past few years, Tandy's become an ugly company. 

For example, Tandy's headquarters used to provide toll-free numbers that 
customers could call for help with their computers. Tandy switched to numbers that 
were not toll-free. To make matters even worse, Tandy has recently decided to 
refuse to answer any questions unless the customer buys a support contract. 
Tandy's claim that it offers better support than mail-order companies is Texas 
bullshit. 

Tandy has recently established a dress code: all Tandy employees who meet the 
public must don blue or gray suits, blue or white shirts, no beards, and no 
moustaches. One manager of a Tandy store even got fired for refusing to shave his 
beard. 

The whole purpose of the persona/-computing revolution was to give us new tools 
to express our individuality and creativity. Tandy's throwback to 1950-ish dress 
codes makes me want to puke. Tandy seems to have forgotten that most founders of 
the computer revolution did their creative work while wearing jeans. Tandy's dress 
code also violates the civil rights of some Jewish and other religious groups whose 
members wear beards. 

_ Perhaps I'm overly sensitive to those issues, since I devote my life to giving free 
phone support, am Jewish, and don't wear suits (except at funerals and on dates 
with conservative women who won't like me anyway). 

On another issue, even Tandy's own fan club has gotten livid. When Tandy was 
ready to unveil its latest computers, it invited editors of computer magazines for a 
sneak preview, but only if the editors agreed to sign a weird agreement. The 
editor-in-chief of 80 Micro magazine wrote this editorial complaining about the 
agreement. 


"The agreement we signed to see the computers had one odd stipulation that 
pushed our journalistic ethics to the limits. Tandy told us we could publish 
information in the nearest issue following the announcement, but only if we agreed to 
feature the computers on our cover. If we felt the story was not cover material, we 
had to hold the information for another month. 

"We saw the machines and decided they were important enough to put on the 
cover. But what if we had a topic we thought was more suitable or didn't believe 
Tandy's new computers were significant enough to warrant such treatment? We would 
have been forced to withhold information from our readers because of our agreement, 
a form of self-censorship that put a rancid taste in our mouths. 

"From now on we won't sign such agreements. We realize that this decision might 
hamper our ability to report quickly on new Tandy computers, but the odor of 
censorship has become too unpleasant. We might not get to the news first, but we'll 
get there on our own. And you, the reader, will know that you're getting the real 
story, not a tidied-up version bleached in the Texas sun." 


Bravo! 

After I wrote previous editions of The Secret Guide to Computers, some readers 
accused me of being too pro-Tandy and asked me whether I was secretly a Tandy 
employee. I hope this section on Tandy makes clear that I do not work for Tandy! 

But Tandy's computers are nice enough that I bought 14 of them. I wrote The 
Secret Guide to Computers by using the word processor on my TRS-80 Model 3. 
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APPLE CLONES 
If you're thinking about getting an Apple 2e or 2c, consider getting a Laser 128 
instead. It imitates an Apple 2c but costs just $379 from mail-order dealers. 

It runs most Apple 2c programs perfectly. (Just 7% of the popular Apple 2c 
programs are incompatible with the Laser 128.) Like the Apple 2c, the Laser 128 
includes 128K of RAM, a disk drive, and a serial port. In three ways, it's even 
better than an Apple 2c: it includes a parallel printer port (so you can attach a 
greater variety of printers), a numeric keypad (so you can enter data into 
spreadsheets more easily) , and a slot (so you can add an Apple 2e expansion card). 

You can get it at the $379 price from Programs Plus, a discount dealer in 
Connecticut (203-278-3662, out-of-state 800-832-3201). Programs Plus also sells 
other Apple-oriented hardware and software cheaply. 

The Laser 128 is manufactured by a team of companies. The most famous member 
of the team is Central Point Software in Oregon (503-244-5782). Central Point 
Software says the official list price is $395, though Programs Plus charges less. 

You can also buy a souped-up version, called the Laser 128EX, which goes three 
times as fast costs $495 list, $479 from Programs Plus. 


MACINTOSHES 
Apple has stopped building the Slim Mac (128K) and the Fat Mac (512K). Apple sells 
just three newer versions, called the Mac Plus, the Mac SE, and the Mac 2. 

The Mac Plus is the cheapest. It costs $1699. That price includes one floppy 
drive. 

The Mac SE is the next step up: it runs software faster because it contains a 
larger ROM and fancier support chips, and it's also more expandable. It costs $2769 
with two floppies, $3569 with one floppy and one 20-megabyte hard drive. 

The Mac 2 is the fanciest: it contains a much faster CPU (a 68020) and 6 slots for 
inserting PC cards. It costs $3769 with one floppy. Add $1600 for a 40-megabyte 
hard drive. 

Keyboard. The Mac Plus's price includes a keyboard. 

For the Mac SE and Mac 2, the keyboard costs extra. Choose either the 81-key 
Standard Keyboard ($129) or the 105-key Extended Keyboard ($229). 

Monitor. The Mac Plus and Mac SE have a built-in black-and-white monitor. 

For the Mac 2, the monitor costs extra. Choose either black-and-white ($399) or 
color ($999). You must also buy a $499 video card to attach the monitor to. 

Maximum system. A maximum system consists of a Mac 2 with a 40-megabyte hard 
drive, Extended Keyboard, color monitor, and video card. That system costs 
$3769+$1600+$229+$999+$499, which is $7096. 

School discounts. Apple gives most schools a 35% discount on the computers and 
disk drives, and a 30% discount on keyboards, monitors, and video cards. Some 
prestigious universities get discounts that are even larger. 

Mac's competitors. Those new Macs are competitively priced against IBM's 
computers but not against IBM PC clones. That's why most people buy IBM PC 
clones, not Macintoshes. 

For example, suppose you want a computer with a monitor, a disk drive, and an 
operating system. The cheapest Macintosh system meeting that description is the Mac 
Plus, which costs $1699. By contrast, a discount dealer called Priority One sells an 
IBM PC clone meeting that description for $489. So you can buy three IBM PC clones 
for the price of one Macintosh. Given that choice, the typical business would rather 
have the three IBM PC clones. 

Apple Computer Incorporated says, "The Macintosh is the computer for the rest 
of us." Apple forgets to complete that sentence. The complete sentence reads, "The 
Macintosh is the computer for the rest of us rich folks." 
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MAC-INSPIRED COMPUTERS 
Because the Macintosh is so nice, it has inspired other companies to develop 
computers that are similar. Mac-inspired computers include the Commodore Amiga, 
the Atari ST, and the Apple 2GS. For the IBM PC, programmers have developed 
Mac-inspired operating environments such as Gem, Microsoft Windows, and OS/2. 

But the Macintosh remains more pleasant than those competitors, because the 
Macintosh has been around longer and developed a larger library of software to 
choose from and merge together. Much of the credit for the Macintosh's success goes 
to Guy Kawasaki, whose title at Apple Computer Incorporated was "Macintosh 
Software Evangelist": he convinced all the major software companies to write 
programs for the Macintosh and to make their programs similar to each other, so that 
once you've learned how to use one Macintosh program you can easily learn all the 
others. That's what makes the Macintosh so wonderfully easy to use: consistent 
software interfaces. 

The cheapest Mac-inspired computers are the Atari 520 ST and the Commodore 
Amiga 500. You can get the Commodore Amiga 500, including color monitor, for just 
$848 from Harmony, which is a discount dealer in New York (718-627-1000, 
out-of-state 800-441-1144). The Atari 520 ST costs even less, though its graphics 
and its version of BASIC aren't as spectacular as the Amiga's. 


AROUND THE WORLD 
In different parts of the world, different microcomputers are popular. 

In the United States, most businesses use IBM PC's or clones. Most elementary 
schools and high schools use Apple 2e's or 2c's. Schools in rural areas (such as 
northern Maine) use Radio Shack computers instead, because Radio Shack has 
spread its 8000 stores practically everywhere, whereas Apple dealers tend to be 
city-dwellers or suburbanites. (That's because Apple's advertisements emphasize 
being preppy, yuppy, and chic, whereas Radio Shack emphasizes low price.) At 
some high-prestige universities, practically all the students buy Macintoshes, 
because Apple gives those privileged students a 50% discount. At other universities, 
where Apple gives less of a discount, students buy IBM PC clones instead. Business 
schools (such as Harvard's) use IBM PC clones, to prepare the students for the "real 
world", which is IBM's world. 

The French, who love anything chic, have fallen in love with the Macintosh, 
thanks to the efforts of Apple's French super-salesman, Jean-Louis Gassé. The 
French also like the Macintosh's image of "smirking at IBM", since the French hate 
IBM and anything else that smacks of mainstream American imperialism. 

Commodore's first microcomputer—the PET—became the best-selling computer in 
England, Germany, and several other European countries. That was because 
Commodore's European marketing staff consisted of friendly people. (Commodore's 
U.S. marketing staff consisted of jerks, which is why U.S. computer dealers hate 
Commodore.) In England, Commodore encouraged customers to write programs for 
specific industries (such as the insurance industry), then helped those customers 
publicize the programs and sell them to other customers. A whole network of friendly 
Commodore users arose. 

Later, England developed its own microcomputers: Sinclair and Amstrad. 

The Sinclair computer was priced so low that it became instantly popular among 
English students and hobbyists. England even exported it to the United States, 
where Timex dubbed it the Timex Sinclair 1000 and marketed it for $49.95. In a burst 
of patriotic enthusiasm for Sinclair computers, Queen Elizabeth made its inventor, 
Mr. Clive Sinclair, a knight, so he's become Sir Clive Sinclair. 
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English tastes eventually became more sophisticated, and so the English began 
buying more expensive computers. Today's big seller in England is the Amstrad 
PC1512. It's a weird IBM PC clone, whose power supply hides in the monitor instead 
of on the motherboard. Amstrad brags that its computer is "compatible with 
you-know-who, priced as only we know how". The Amstrad costs less than the IBM 
PC and most European computers, though not as little as Asian clones. American 
software publishers, such as Micropro and Borland, sell software to England in 
special Amstrad versions, which cost less than the IBM PC versions. 

In Italy, Olivetti makes IBM PC clones that are popular throughout Europe. AT&T 
tried to sell them as "AT&T computers" to Americans, but AT&T priced them too high 
to be popular. 

Asian countries—such as Korea, Taiwan, Japan, and Hong Kong—build their own 
IBM PC clones. Australia and New Zealand use those Asian clones also. Macintoshes 
are extremely rare there, because Apple charges too much and refuses to let them be 
cloned. 

The Russians use mainly Apple 2 clones, because IBM PC clones are too expensive 
for them to build or buy. The Reagan administration has recently decided to let 
American companies sell IBM PC clones to the Russians as "old technology", though 
the PS/2 is still off-limits. But Russians don't want to buy American PC clones 
anyway, since Asian clones cost less. 

Low-income countries in South America and Africa often get donations of obsolete 
microcomputers from Americans. For example, many CP/M computers wind up there. 

During the past several years, many U.S. households have bought 
microcomputers. In other countries, the use of microcomputers by consumers isn't as 
widespread yet. England is 14 years behind us; the rest of Europe is 2} years 
behind; Japan is 4 years behind. Yes, even though the Japanese can build better 
computers than we, they're 4 years behind us in distributing them to consumers, 
households, and.businesses. That's partly because not much software's been written 
in Japanese yet, and because most Japanese people don't know how to use a Japanese 
typewriter yet, and because Japanese tradition still encourages clerks to rely on the 
abacus and mental arithmetic rather than electronics. 

What's happening in your part of the world? I'd appreciate any letters about the 
computer culture in your neighborhood. Which brands do your friends have? What do 
your local stores sell? What do your schools teach? Which software do you and your 
friends use, and why? How do your neighbors feel about computers? What would you 
like to change, and how will you do it? 
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ACCESSORIES 


PRINTERS 
For a low-cost high-quality printer, I recommend the Panasonic 1080I. You can get it 
for just $149 from Harmony in New York (718-627-1000, out-of-state 800-441-1144). 

I recommend it because its near-letter-quality mode is very beautiful. 
Unfortunately, it's slow. If you insist on a faster printer, get one by Epson, which 
makes many models to choose from. 

Regardless of which printer you prefer, contact Harmony, because Harmony 
typically offers the lowest prices on a// brands of printers under $1000. 

Laser printers usually cost about $2000. The lowest-priced decent laser printer 
is the Okidata Laserline 6, which costs just $1299 (plus $159 for the "personality 
module") from PC Connection in New Hampshire (603-446-3383, out-of-state 
800- 243- 8088). 


ACCESSORIES YOU DON'T NEED 
Your computer store will try to sell you a power-surge protector, a disk-drive 
cleaner, name-brand floppy disks, and computer simulators. You don't need them. 

Power-surge protectors. Most computers have power-surge protection built into 
them already. You do not have to buy a separate protector. If you're worried about 
thunderstorms sending surges to your computer, just unplug your computer during 
the storms! If your computer acts unreliably because your air conditioner or electric 
heater is causing a brownout, use an extension cord to plug your computer into a 
different outlet, so that the computer's not on the same circuit as the power-hungry 
appliance! During the summer, the best way to protect your computer is to keep it 
below 85°. 

Disk-drive cleaners. Don't bother trying to clean the heads of your floppy disk 
drive. The heads don't collect much dirt anyway, since the floppy disk's jacket has a 
cloth liner that traps most dirt. If your disk ever starts to act unreliable, clean the 
heads if you wish, but the culprit is more likely a misaligned head, a brownout, 
overheating, defective software, or a mistyped command. 

Name-brand floppies. Don't bother buying name-brand floppy disks. The generic 
ones typically work just as well. 

Computer simulators. If you bought computer A and later wish you'd bought 
computer B instead, you can buy a device that makes computer A imitate computer B. 
The device is called a computer simulator. It might be a chip or a PC card or 
software. You can buy computer simulators that make a Commodore 64 imitate an 
Apple 2e, an Atari ST imitate a Macintosh, an Apple 2e or Amiga or Macintosh imitate 
an IBM PC, an IBM PC imitate a turbo-speed XT, an XT imitate an AT, an AT imitate 
a PS/2 model 60, and an AT or model 60 imitate a model 80. The world's most famous 
computer simulator is Mac Charlie, which made the Macintosh imitate the IBM PC. 

Unfortunately, the typical computer simulator doesn't work well. Though it gives 
you a faster-acting CPU, it doesn't fully take into account the need for a different 
keyboard, disk drive, screen, graphics, BASIC, ports, etc. Instead of giving you a 
close imitation of your dream computer, the simulator gives you an uneasy 
compromise between your old computer and your dream. Since the compromise is 
non-standard, you'll won't be sure which software it can run. 

Instead of buying a simulator (which is typically overpriced anyway), I 
recommend that you sell your computer and then buy your dream machine (or a clone 
of it) from a discount dealer. The difference between your old computer's resale 
price and your dream machine's discount price is usually less than the price of the 
simulator. 
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SOCTWARG 


BIG THREE 
The three biggest software companies are Microsoft, Lotus, and Ashton-Tate. By 
"biggest", I mean that they take in the most money ("have the biggest revenues"). 

Microsoft, which is #1, makes the most popular DOS (which is MS-DOS). The 
company's main founder, Bill Gates, became a billionaire when he was 30 years old 
and appeared on the cover of Time Magazine. 

Lotus, which is #2, makes the most popular spreadsheet program (which is 
1-2-3). The company's main founder, Mitch Kapor, has quit (to allow himself to 
pursue other interests that are more fun than running a big company). Today, the 
company is run by Jim Manzi. 

Ashton-Tate, #3, makes the most popular data-management program (which is 
DBASE). DBASE was programmed by Wayne Ratliff and marketed by George Tate. 
They're both gone: George Tate died, and Wayne Ratliff quit. Today, the company is 
run by Ed Esber. 

Of those three companies, Microsoft is the most diversified: besides selling DOS, 
it also sells other operating systems (OS/2 and Xenix), programming languages 
(Microsoft BASIC, FORTRAN, COBOL, C, and others), a word-processing program 
(Microsoft Word), a spreadsheet program (Excel), and a wide variety of other 
software also. It's the main source of software for the IBM PC and Macintosh. It also 
wrote versions of BASIC used by all the other computers (such as the Apple 2 
family, Commodore 64 family, Commodore Amiga, and TRS-80 family). The only 
popular microcomputer that Microsoft does not deal with is the Atari ST. 

Microsoft continually develops new products because of pressure from 
competitors. For example, Microsoft's been forced to improve Microsoft Word because 
of stiff competition from Word Perfect and improve Microsoft Quick BASIC & C 
because of stiff competition from Borland's Turbo BASIC & Turbo C. Those continual 
pressures and improvements keep Microsoft a vibrant, dynamically changing 
company. 

Lotus and Ashton-Tate, on the other hand, don't feel as much competition, and 
so they don't try as hard to improve. Instead of significantly improving Lotus 1-2-3, 
Lotus buys companies that build 1-2-3 add-ons and sues companies that build 1-2-3 
clones. Although Ashton-Tate is trying to improve DBASE by coming out with 
DBASE 4, the most exciting improvements on DBASE are typically made by DBASE 
clone-makers, not by Ashton-Tate. 

Of those three companies, Microsoft is the healthiest because it's the most 
diversified, makes the most improvements, and has the most users. Microsoft 
charges each user very little, which is why so many people use Microsoft products. 
Lotus and Ashton-Tate have fewer users, each of which pays a lot. For example, 
Ashton-Tate has sold over a million copies of DBASE, which lists for $695; Lotus has 
sold over two million copies of 1-2-3, which lists for $495; and Microsoft has sold 
many millions of copies of MS-DOS, whose newest version lists for $120. 


(16) 


UPSTARTS 
The fastest-growing competitors to the big three are Word Perfect Corporation and 
Borland. 

Word Perfect Corporation makes Word Perfect, which is the most popular 
word-processing program for the IBM PC. It has about one-third of the revenues for 
IBM PC word-processing software. (Microsoft Word and Wordstar each have about 
10%, and the remaining 50% is split among a wide variety of vendors.) 

Word Perfect Corporation is run by Mormons in Utah. It has 500 employees. A 
third of them (about 170) of them are in the Customer Support department, which 
gives unlimited free phone help to everybody who buys Word Perfect. The 
department answers 3,500 phone calls per day onits 85 toll-free lines. By helping its 
customers freely, the company has won a good reputation, become very popular, and 
gotten very rich. This is one of the computer industry's nicest success stories, in 
which virtue triumphs and makes a profit. The vice-president says, "It's even more 
profitable than heroin." 

Borland was started by Philippe Kahn, who grew up in France. He went to a 
university in Zurich, Switzerland to study math. While there, he got curious about 
computers and decided to take a computer class. The university offered two 
introductory classes: one explained how to program using a language called PL/I, 
the other explained PASCAL. Since PASCAL was brand new then, nobody had heard 
of it, so 200 students signed up for PL/I and just 5 students signed up for PASCAL. 
Philippe signed up for PASCAL, because he hated large classes. His professor was 
PASCAL's inventor, Niklaus Wirth. 

In 1983, Philippe went to California and started a computer company. Since he 
was an illegal alien, he tried to pretend he was thoroughly American and named his 
company Borland after astronaut Frank Borman. His first product was Turbo 
PASCAL, which he had created back in Europe with the help of two friends. 

Most other versions of PASCAL were selling for hundreds of dollars; but Philippe 
read a book saying people buy mail-order items on impulse only if priced under $50, 
so he charged $49.95. The book and Philippe were right: at $49.95, Turbo PASCAL 
became a smashing success. 

Recently, Philippe has improved Turbo PASCAL and raised its price, so that 
today it lists for $99.95. 

Philippe has bought several other software publishers and merged them into 
Borland, so that Borland's become a huge company. Besides publishing Turbo 
PASCAL, Turbo BASIC, Turbo C, and Turbo PROLOG, Borland also publishes two 
popular data-management programs (Reflex and Paradox), a word-processing 
program (Sprint), a spreadsheet program (Quattro), and DOS add-ons (such as 
Superkey, Sidekick, and Turbo Lightning). They make Borland as diversified as 
Microsoft. 
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DOS 
After buying an IBM microcomputer or clone, you must also buy DOS. For PC-DOS 
3. 3, which runs on all the models, IBM charges $120. Like earlier DOS's, it restricts 
each program to 640K. 

IBM and Microsoft are developing a newer DOS, called Operating System 2 
(OS/2), which permits longer programs: up to 16M. It also permits multitasking, 
which means that the computer can handle several devices simultaneously. (For 
example, it can handle the screen, disk drive, printer, and modem simultaneously, 
without having to wait for one device's task to finish.) It runs on any IBM computer 
containing an 80286 or 80386 CPU. For example, it runs on the IBM PC AT, the IBM 
PC XT/286, and the IBM System 2 models 50, 60, and 80. It does not run on the 
model 25 or 30, since those models contain the wrong CPU. Unfortunately, it 
requires a megabyte of RAM to run, 13 megabytes to run wel//. It comes in two 
versions: the Standard Edition costs $325; the Extended Edition, which includes 
commands for data-management and communications, costs $795. 

Many computerists are cynical about OS/2, because it requires so much RAM, 
costs so much, and doesn't help the average user (who doesn't need super-long 
programs or multitasking). Moreover, if you buy OS/2, you must also buy new 
versions of all your software: the old versions, written for DOS 3.3 and its 
predecessors, can't use OS/2's advantages and in fact run s/ower in OS/2 than they 
did in DOS 3.3! 

Software publishers are frantically trying to revise their DOS 3.3 software, to 
create OS/2 versions of it. Because of the extra difficulty of creating OS/2 versions, 
software publishers reluctantly plan to charge 20% more for OS/2 versions than for 
DOS 3.3 versions. 

For example, Word Perfect Corporation's executive vice president, Pete 
Peterson, wrote this editorial about OS/2: 

"From time to time you may hear a few of us at Word Perfect Corporation voice 
negative comments about OS/2. OS/2 is a very expensive solution for all of us. We 
doubt, however, that IBM will change its course, since they've already invested so 
much time and effort into OS/2. We'll put a lot of effort into OS/2 in spite of our 
reservations, but we expect the old DOS to be an important operating system for 
many years." 

Borland International's president, Philippe Kahn, is even more blunt. He says, 
"OS/2 is a joke. A million-and-half lines of code? What are they trying to do, put 
Star Wars on a PC?" 


DISCOUNT DEALERS 
For the lowest prices on IBM PC _ software, contact TJTe/emart in Arizona 
(602-224-9345, out-of-state 800-426-6659). 

Telemart is reputable. Telemart takes about 3 days to process your order, then 
ships it via 2-day air, so the software typically arrives at your doorstep 5 business 
days after you order it. Telemart usually charges just $6 for shipping. 

Telemart's competitors. Some of Telemart's competitors have gone downhill. PC 
Network, which was the least reputable mail-order dealer, was fined by the Federal 
Trade Commission and has filed for bankruptcy. PC Network still advertises, but 
stay away! 

Northeastern Software is another unsavory mail-order dealer that has gone 
bankrupt. 

Compusystems, which pretended to be a mail-order dealer but was really just a 
scam that cashed checks and delivered no goods, has closed. Federal authorities are 
trying to find the owner, to convict him of mail fraud. 

Conroy-LaPointe, the oldest IBM software discounter, went bankrupt also. 
Though Conroy-LaPointe was reputable, it couldn't survive competition from places 
such as Telemart, which offered lower prices and higher service. 

Logicsoft, which I praised in volume 1, is reputable and still around but no 
longer a bargain. Alas, Logicsoft has raised its prices, dropped its price-matching 
policy, and hired new employees who don't understand how to fill orders and give 
customers good service. 
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Of all the software discount dealers, PC Connection has the best reputation for 
delivery and technical support—even better than Telemart's. Its prices are slightly 
higher than Telemart's, but some folks feel the extra service is worth the difference. 
PC Connection is in New Hampshire (603-446-3383, out-of-state 800-243-8088). If 
you're a member of the Boston Computer Society, PC Connection will give you free 
shipping. (To join the Boston Computer Society, phone 617-367-8080. ) 

Harmony, which offers the lowest prices for name-brand printers, monitors, and 
cheap computers, has recently begun selling software also. Harmony's prices are 
about the same as Telemart's, though Harmony doesn't offer as much variety or 
technical support. Harmony is in New York (718-627-1000, out-of-state 
800-441-1144). 

For Apple 2 software, contact Programs Plus in Connecticut (378-3662, 
out-of-state 800-832-3201). 

For Macintosh software, contact Mac Connection in New Hampshire (603- 446-7711, 
out-of-state 800-MAC-LISA). 


WORD PROCESSING 
For an easy-to-use low-cost word-processing program, I recommend PFS 
Professional Write. It's better than PFS Write Version C and IBM Writing Assistant. 
It runs on the IBM PC. It lists for $199, but you can get it for just $89 from 
Telemart. 

For a fancier word-processing program, I still recommend Word Perfect. Versions 
are available for the IBM PC, Apple 2e & 2c & 2GS & Macintosh, Commodore Amiga, 
Atari ST, DEC VAX, and Data General minicomputers. For the IBM PC, version 4. 2 
is available for $495 list ($195 from Telemart) , and version 5.0 is being developed for 
1988. . 

Another fancy word-processing program that you should examine is Microsoft 
Word. The newest version, Microsoft Word 4.0, overcomes most of my objections to 
the previous version, which was too slow and confusing and made non-standard use 
of the IBM keyboard. 

Frankly, I don't like any of those word-processing programs. They're all 
awkward. That's why none of them has generated enough enthusiasm to capture the 
majority of the marketplace. I still haven't found a word-processing program that's 
done right. I'm so upset that I'm tempted to write one myself! 


INTEGRATED PACKAGES 
Instead of buying word-processing programs such as PFS Professional Write and 
Word Perfect, you might wind up using Q&A instead. Q&A is the best 
data-management program, and it happens to include a decent word processor at no 
extra charge. It runs on the IBM PC. It's a wonderful integrated package: I use it to 
run my entire business. It lists for $349, but Telemart charges just $199. 

If you can't afford the $199 for Q&A, get PFS First Choice instead, which costs 
less:- just $149 list, $82 from Telemart. Besides including software for data 
management and word processing, it also includes software for spreadsheets, 
business graphics, and telecommunication. It's easy to use, though none of its 
modules is fancy enough to appeal to professionals. 


(19) Micro makers: software 


iMOM 


-L YALdVHO GSAHSINIA NOA 


=i 
Sc 
A 
Zz 
=I 
ab 
m 
U0 
> 
2) 
m 
ou 
O 
A 
QO 
— 
> 
m°) 
| 
m 
ry.) 
N 
Tl 
O 
A 
=| 
A 
> 
re 


iSYAAVW OYOIW 


O 
a 
Lu 
= 
‘e) 
O 
ead 
Lu 
= 


WHAT'S FORTRAN? 
Earlier in The Secret Guide to Computers , I explained BASIC. Now you'll learn a 
different computer language, called FORTRAN. Most maxicomputers and minicomputers 
understand both BASIC and FORTRAN. Some ideas are easier to express in BASIC; 
others are easier in FORTRAN. Most scientists and engineers on large computers use 
FORTRAN, not BASIC. 

IBM invented the first version of FORTRAN in 1957. Then came improvements, 
called FORTRAN II, FORTRAN III, and FORTRAN IV. The newest version is called 
FORTRAN 77, because it was invented in 1977. Today, some computers 
use FORTRAN 77; others still use FORTRAN IV, or a slightly souped-up version 
of it (called FORTRAN IV-EXTENDED or FORTRAN V or WATFOR or WATFIV or 
FORTRAN 10). But have no fear: the features of FORTRAN discussed in this chapter 
work on practically all computers. 


SIMPLE PROGRAMS 
Here's a FORTRAN program: 


PRINT 10 

10 FORMAT (1X,"CHIPMUNKS ARE CHUBBY ') 
PRINT 20 

20 FORMAT (1X,'GOLDFISH GIGGLE") 
PRINT 10 
END 


The top line says to print what's in line 10, so the computer will print CHIPMUNKS 

ARE CHUBBY. The next line says to print what's in line 20, so the computer will 

print GOLDFISH GIGGLE. The next line says to print what's in line 10, so the computer 
will print CHIPMUNKS ARE CHUBBY again. Altogether, the program makes the 
computer print: 


CHIPMUNKS ARE CHUBBY 
GOLDFISH GIGGLE 
CHIPMUNKS ARE CHUBBY 


Notice: 


Each line of the program is indented 6 spaces, so it begins in the 7th position. 
Each FORMAT begins with 1X. 
Each string is enclosed in apostrophes. 


You must number every line that's referred to. For example, you must number 
the FORMAT lines, since the PRINT lines refer to them. You don't have to number the 
PRINT lines. 

The bottom line of every FORTRAN program must be END. 

That program works on most computers. On PDP computers, say TYPE instead of 
PRINT. On CDC computers using TS FORTRAN, replace each apostrophe by an 
asterisk. On IBM computers, put STOP above END, so the bottom two lines of your 
program are: 


STOP 
END 
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Ask the people in your computer center how to feed a FORTRAN program into 
the computer. On some computers, you must put an edit number in front of each line: 


00100 PRINT 10 

00110 10 FORMAT (1X,'CHIPMUNKS ARE CHUBBY ') 
00120 PRINT 20 

00130 20 FORMAT (1X,'GOLDFISH GIGGLE') 
00140 PRINT 10 

00150 END 


Some computers don't require you to indent each line. To indent quickly on PDP 
computers, hold down the CONTROL key, while you type the letter I. 

Each line of your program must be short: no more than 72 characters, including 
the spaces at the beginning of the line. 


CARRIAGE CONTROLS 
The 1X at the beginning of each FORMAT is called the carriage contro/. It means: 
print the format normally. For weirder printing, replace the 1X by. '0' or 'l' or '+': 


PRINT 10 

10 FORMAT (1X,'"NIFTY') 
PRINT 20 

20 FORMAT €'O','"SAL') 
END 


In line 10, the 1X makes the computer print NIFTY normally. In line 20, the 
zero-in-apostrophes makes the computer leave a blank line, then print SAL. The 
computer will print: 


NIFTY 
SAL 
Suppose you change the carriage control to 'l': 

PRINT 10 

10 FORMAT (1X,'NIFTY') 
PRINT 20 

20 PORMAT (Ie. SAL) 
END 


If your terminal uses paper, the '1' makes the computer print SAL on a new page. If 
your terminal uses a screen instead of paper, the '1' makes the computer erase the 
screen before printing SAL. 

Suppose you change the carriage control to '+': 


PRINT 10 

10 FORMAT (1X,'NIFTY') 
PRINT 20 

20 FORMAT ('+',"SAL") 
END 


If your terminal uses paper, the 't' makes the computer print SAL in the same place 
as NIFTY, like this: 


SAETY 


If your terminal uses a screen instead, the computer will print NIFTY, but then the 
NIF will suddenly disappear, and you'll see SALTY. 
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To print the symbol 8, print 0 in the same place as -. To print the symbol #f, 
print = in the same place as /. To print 8#A, print 0=A in the same place as -/. 
If your terminal uses paper, this program prints 9#A: 


PRINT 10 

10 FORMAT (1X,'O0=A‘') 
PRINT 20 

20 FORMA Tents ot sae 
END 


If you're using a Hazeltine terminal or CDC TS FORTRAN, the carriage controls 
won't work. 


POPULAR FORMATS 
Examine this program: 


PRINT 10 
10 FORMAT (1X,‘JOHN','NY') 
END 


The FORMAT consists of three fields: the first is the carriage control 1X, the 
second is 'JOHN', and the third is 'NY'. The computer will print JOHN and NY 
on the same line: 


JOHNNY 
Another example: 


PRINT 10 
10 FORMAT (1X,'EAT A',8X,'"MEATBALL') 
END 


The computer will print EAT A, then 8 blank spaces, then MEATBALL: 
EAT A MEATBALL 
Here's another program for meatball lovers: 


PRINT 10 
10 FORMAT (1X,"EAT A',1X,'MEATBALL' ) 


The computer will print EAT A, then 1 blank space, then MEATBALL: 
EAT A MEATBALL 


If you say X instead of 1X, the computer will gripe. 
This program quotes Julius Caesar: 


PRINT 10 

10 FORMAT (1X,"I CAME') 
PRINT 20 

20 FORMAT (1X,'I SAW') 
PRINT 30 

30 FORMAT (1X,'I CONQUERED') 
END 

The computer will print: 

I CAME 

I SAW 


I CONQUERED 


cl 
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This program does the same thing: 


PRINT 10 
10 FORMAT (1X,'I CAME'/1X,'I SAW'/1X,'I CONQUERED') 
END 


Line 10 consists of 3 records: the first is 1X,'I CAME'; the second is 1X,'I SAW'; 
the third is 1X,'I CONQUERED". Each record begins with a carriage control; the 
records are separated by slashes. The computer will print each record on a separate 
line. 


GO TO 
You can say GO TO: 


10 PRINT 20 

20 FORMAT (1X,'CAT') 
PRINT 30 

30 FORMAT (1X,'DOG') 
GO TO 10 
END 


The top line says to print what's in line 20, so the computer will print: 
CAT 

The next line says to print what's in line 30, so the computer will print: 
DOG 


The next line makes the computer go back to line 10. The computer will print CAT 
again, then DOG again, then jump back to line 10 again....The computer will try 
to print the words CAT and DOG again and again, forever. 


STOP 
The computer understands the word STOP: 


PRINT 10 

10 FORMAT (1X,'BUBBLE GUM') 
PRINT 20 

20 FORMAT (1X,"SHAKESPEARE') 
STOP 
PRINT 30 

30 FORMAT (1X,'DADA') 
END 


The top line says to print what's in line 10, so the computer will print BUBBLE GUM. 
The next line says to print what's in line 20, so the computer will print 
SHAKESPEARE. The next line says STOP, so the computer will stop. It will never 
print DADA. 
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MATA 


NUMBERS 

FORTRAN distinguishes between /ntegers and real numbers. Here's how FORTRAN 
defines them.... 

An integer contains no decimal point and no exponent. 


Integer Not an integer Comment 


at arg ered An integer contains no decimal point. 
50000 5E4 An integer contains no exponent. 


FEDS 


A real number contains either a decimal point or the letter E. 


Real number’ Not a real number 


=e reu —2 ¢. 
c. oDES 235000000 
5E4 50000 

The largest permissible integer is different from the largest permissible real: 
Computer Largest integer Largest real Tiniest real 
PDP-11 using FORTRAN IV per Of a te fESS Ca 9ERSD 
PDP-11 using FORTRAN IV-PLUS 2147483647 1.7E38 22 9E-39 
PDP-10 or Honeywell 34359738367 1.7E38 Pepe ae, 
IBM mainframe 21474835647. -7s2E75 wee 1 2 
CDG 281474976710655 2.5E322 3.1E-294 


In BASIC, X can stand for a number, such as 3.7. The same is true in FORTRAN. 
A variable can be a letter (such as X) or a letter-followed-by-a-combination-of-letters- 
and-digits (such as FUN4U2). The variable must be short: no more than 6 characters. 
AVERAGE is too long: say AVERAG instead. If the variable begins with I, J, K, L, 
M, or N, it stands for an integer. If it begins with some other letter, it stands for a 
real number. 

Example: 


JUNKY=-47 
PRINT 10, JUNKY 

10 FORMAT (1X,13) 
END 


Since JUNKY begins with J, it stands for an integer. The first line says JUNKY 
stands for the integer -47. The second line says to print JUNKY, using line 10. 


Line 10 explains how to print JUNKY. The I3 means: print it as an Integer having 


3 characters. The computer will print: 
-47 
If you change the I3 to 14, the computer will print JUNKY as an Integer having 4 


characters. To print a total of 4 characters, the computer will print a blank space 
in front of -47, like this: 


-47 


If you change to I5, the computer will print JUNKY as an Integer having 5 characters, 
by printing two blank spaces in front of -47: 

-47 
If you change to I2, the computer will try to print JUNKY as an integer having 2 


characters. But it's impossible to express -47 by using only 2 characters. The 
computer will obey the format and print 2 characters, but will make them asterisks: 


kk 
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Another example: 


NUM=31.9 
PRINT 10, NUM 

10 FORMAT (1X,14) 
END 


Since NUM begins with N, it stands for an integer. The program's top line tries 

to make NUM stand for 31.9; but that's impossible, since 31.9 isn't an integer. 

The computer will omit the .9 and make NUM stand for the integer 31. The computer 
will print 31, using an 14 format: 


oo) 
Example: 
JOE=-5.8 
PRINT 10, JOE 


10 FORMAT (1X,14) 
END 


The computer will set JOE equal to the integer -5 and print it: 
=o 
Example: 


JAIL=74 

KRIMNL=829 

PRINT 10, JAIL,KRIMNL 
10 FORMAT (1X,12,13) 

END 


Since JAIL begins with J, and KRIMNL begins with K, they're both integers. The 
computer will print JAIL and KRIMNL, using the format in line 10. The format says 
to print a 2-character integer, then a 3-character integer. The computer will print: 


74829 


If you change the format to (1X,12,4X,13), the computer will print a 2-character 
integer, then 4 blanks, then a 3-character integer: 


14 829 
If you change the format to— 
10 FORMAT (1X,'JAIL NUMBER',1X,12,1X,'CONTAINS CRIMINAL" ,1X,13) 


the computer will print JAIL NUMBER, then a blank, then a 2-character integer, 
then a blank, then CONTAINS CRIMINAL, then a blank, then a 3-character integer: 


JAIL NUMBER 74 CONTAINS CRIMINAL 829 
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Example: 
J=43 
K=75 
L=96 
M=81 
N=24 
PRINT 10, J,K,L,M,N 

10 FORMATS 1X, Lie pl Cp dey be plc 

END 


The computer will print 43, then 75, then 96, then 81, then 24: 


4375968124 
You can write that format more briefly: 


10 FORMAT (1X,5I2) 
If you change the format to (1X,513), the computer will print each integer as 3 
characters— a blank followed by two digits: 
43 75 96 81 24 
If you change the format to (1X,13), the computer will print only one integer per line: 


If you change the format to (1X,213), the computer will print 2 integers per line: 


DATES 

96 81 

24 
If you change the format to (1X ,'GOSH',13,1X ,'SUPERB',13,1X ,'JEEPERS'), the 
computer will print 2 integers per line: 


GOSH 43 SUPERB 75 JEEPERS 
GOSH 96 SUPERB 81 JEEPERS 
GOSH 24 SUPERB 


To be safe, use 114 format for integers. On most computers, I14 handles even 
the largest integers, and prints blank spaces between them. 
Integers are also called fixed-pojnt numbers. Real numbers are called floating-point 


numbers. 
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The I format is only for integers. For real numbers, use F or G. The F format 


is easy to understand: 


RADIUS=-586. 39 
PRINT 10, RADIUS 

10 FORMAT (1X,F/7.2) 
END 


Since RADIUS doesn't begin with I, J, K, L, M, or N, it stands for a real number. 
The first line says RADIUS stands for the real number -586.39. The second line 
says to print RADIUS, using the format in line 10. The F7.2 means: print it as a 
floating-point number having 7 characters, 2 of them after the decimal point. The 


computer will print: 
e580. 59 


If you change the F7.2 to a different format, the following chart shows what happens; 
in the chart, each H represents a blank space: 


What the 
computer 
Format will print Comment 


F8.2 §-586.39 To print 8 characters instead of 7, it prints a blank space at 
the beginning. 


F8.3 -586.390 To print 3 characters after the decimal point instead of 2, it 
prints a zero at the end. 


Po. H8-586.4 To print 1 character after the decimal point instead of 2, it 
rounds the .39 to .4. 


F8.4 xkxkkkkxk To print 4 characters after the decimal point, the computer 
would have to print -586.3900; since that requires more than 
8 characters, the computer complains by printing asterisks. 


To print a real number, the safest format is G14.6. The G14.6 handles a// real 


numbers— even the largest— so it is more flexible than F. The G14.6 prints 
14 characters altogether, 6 of which are significant digits. Here are examples of 
numbers printed in G14.6 format: 


B-0.283941E-29 
BHO.2935027RRRE 
BRES.345230008 
BBES9.453590008 
98847802. 30088 
BH8986327. 0008 
BHO.288341E+24 


Example: 


PRUNES=17 
PRINT 10, PRUNES 
10 FORMAT (1X,G14.6) 


END 


Since PRUNES doesn't begin withI, J, K, L, M, or N, it stands for a real number. 
When the computer encounters the first line of the program, it will set PRUNES 
equal to the real number 17.0. It will print: 


17.0000 
The program will run faster if you change the top line to this: 
PRUNES=17.0 
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OPERATIONS 
For addition, subtraction, multiplication, and division, FORTRAN uses the same 
symbols as BASIC. 


N=2% (3+1) 
S=/.ot2. | 
PRINT 10, N,S 
10 FORMAT (1X,114,614.6) 
END 


Since N is 8, and S is 9.4, the computer will print: 
8 9.40000 
For exponents, FORTRAN uses a double star: 


J=7*2 
P=_5**3 
PRINT 10, J,P 
10 FORMAT (1X,114,614.6) 
END 


Since J is 7? (which is 49), and P is .5% (which is .125), the computer will print: 
49 0.125000 


For negative exponents, you need parentheses. You must say 6.1**(-2), 
not b.1°*=2, : 
When you combine integers, the answer is an integer: 
231579 
8-8 is 0 
2*4 is 8 
399/100 is 3 (not 3.99) 
11/4 ise2s (note? +75) 
3/4is 0 (not 0.75) 
10**(=2) is 0*(not 0.01) 


When you combine real numbers, the answer is real: 


4 l+2.9 ign720) (nots) 
8.0-8.0 is 0.0 (not 0) 
399.0/100.0 is 3.99 
11.0/4.0 is 2.75 
3.0/4.0%1s 975 
10.0**(-2.0) is .01 


When you combine an integer with a real number, the answer is real: 


3+2.0 is 5.0 
399/100.0 is 3.99 
11/4.0 is 2.75 
3/4.0 is .75 
10-°0**(-2)7is .Un 


Compare these: 


7/10*10 is 0 (because 7/10 is 0) 
7/10*10.0 is 0.0 (because 0*10.0 is 0.0) 
7/10.0*10 is 7.0 (because 7/10.0 is .7) 
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Example: 


JERK=20.9+30.9 
PRINT 10, JERK 

10 FORMAT (1X,114) 
END 


Since JERK begins with J, it stands for an integer. Since 20.9+30.9is 51.8, 
JERK stands for the integer 51. The computer will print: 


51 
Another example: 


APPLE=37/10 
PRINT 10, APPLE 

10 FORMAT (1X,G614.6) 
END 


Since APPLE begins with A, it stands for a real number. Since 37/10 is 3, APPLE 
stands for the real number 3.0. The computer will print: 


3.00000 
If you commit one of these crimes, the computer will work slowly.... 


little crime: use a real number 
medium crime: mix integers with reals 
big crime: use a real exponent 


For example, 2.0+2.0 is slower than 2+2, because 2.0+2.0 is a little crime. 2.1+7 is 
slower than 2.1+7.0, because 2.1+7 is a medium crime, whereas 2.1+7.0 is only a 
little crime. 5.1**2.0 is slower than 5.1**2, because 5.1**2.0 is a big crime, whereas 
0.1**2 is only a medium crime. X=0 is slower than X=0.0, because X=0 is a medium 
crime, whereas X=0.0 is only a little crime. 

o**3.1 is a gigantic crime, since it is a medium crime and a big crime simultaneously. 
Because the crime is so gigantic, some computers refuse to do it. Say 5.0**3.1 instead. 


ADVICE ABOUT VARIABLES 
FORTRAN, like BASIC, distinguishes variables, constants, and expressions: 


X is a variable 

2.7 is not a variable; it's a numeric constant 
"'LOVE' is not a variable; it's a string constant 
X+Y is not a variable; it's an expression 


In a PRINT statement, some computers allow only variables.... 
allowed: PRINT 10, X 


not allowed: PRINT 10, 2.7 instead, say X=2.7 and PRINT 10, X 
not allowed: PRINT 10, 'LOVE' instead, say PRINT 10 and 10 FORMAT (1X, 'LOVE') 
not allowed: PRINT 10, X+Y instead, say Z=X+Y and PRINT 10, Z 


Other computers are more generous and allow anything. Find out about yours. 

To help other humans understand your program, use long variable names throughout 
your program. Say RADIUS, not R; say AREA, not A; say VOLUME, not V; say SUM, 
not S; say TOTAL, not T. Because FORTRAN's variables are restricted to six 
characters, you might have to omit the last few syllables (revolutions becomes REVOLU) 
or the last few vowels (RVLTNS). 

If you want a variable to be real, but its English name begins with I, J, K, L, 

M, or N, begin its FORTRAN name with an A (mass becomes AMAS; /ength becomes 
ALENGT or ALNGTH). If you want a variable to be an integer, but its English name 
doesn't begin with I, J, K, L, M, or N, begin its FORTRAN name with an I 
(population become IPOPUL) or misspell it (count becomes KOUNT) or choose a 
synonym (instead of position, say location, which is LOCATN). 
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READ 
The computer can read. 


PRINT 10 
10 FORMAT (1X,'TYPE SOME DIGITS") 
READ 20, N 
20 FORMAT (14) 
PRINT 30, N 
30 FORMAT (1X,14) 
END 


When you run the program, the first pair of lines make the computer print: 


TYPE SOME DIGITS 


The word READ makes the computer wait for you to type something; it's like the 
BASIC word INPUT. The computer will wait for you to type the value of N, but 


line 20's FORMAT makes the computer read just the first 4 characters. For example, 
Suppose you type: 


-75198622 


The computer will read just the first 4 characters, which are -751; it will ignore 
the 98622; so N will be -751. Line 30's FORMAT makes the computer print: 


i 4 
Altogether, the run looks like this: 


The computer says*>>TYPE SOME DIGITS 
YOU SQAY292979>>>>>> > 751 98622 
The computer replies~-751 


Line 30's FORMAT contains a carriage control 1X, but line 20's FORMAT omits 


the carriage control. Put a carriage control in formats that PRINT, but not in formats 
that READ. 


On PDP computers, say ACCEPT instead of READ. 

If you input a blank space, the computer treats it as a zero. For example, suppose 
you input: 
<5025219 


Because of the 14 format, the computer will read just the first 4 characters, which 
are -3 2; the blank space between the 3 and the 2 is treated as a zero, soN will 
be -302. 

Suppose you input: 


a 
Because of the 14 format, the computer will read the 5, the 7, and two blanks. 


Since the blanks are treated as zeros, N will be 5700. 
Suppose you input: 


BHH9527 


Because of the 14 format, the computer will read the three beginning blanks and 
the 9. Since the blanks are treated as zeros, N will be 0009, which is 9. Line 30 
makes the computer print: 


2 
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Suppose you write a program containing these lines: 


READ 20, L,M,N 
20 FORMAT (13,14,2X,12) 


When you run that program, suppose you input: 
581 94138972824 


The I3 format makes the first 3 characters (581) be L; the 14 format makes the 
next 4 characters (9413) be M; the 2X format makes the next 2 characters (89) 
be skipped over; the I2 format makes the next two characters (72) be N; the 
remaining characters (824) are ignored. So the line is split like this: 


vartabkes, tn the READ statement |_ iM N 
I4 (2X1 
94138972824 


biekds, in the FORMAT statement>-- |13 
RNA YOU LNPUt222999 > 1581 

Suppose you write a program containing these lines: 
READ 20, J,K,L,M,N 


20 FORMAT (213) 
The format says to read two 3-character integers on each line. Suppose you input: 


78345692 
85431684 
46185327 


J will be 783, and K will be 456. L will be 854, and M will be 316. N will be 461. 
That's how to input integers. Here's how to input real numbers instead.... 


PRINT 10 
10 . FORMAT (1X,'TYPE SOME DIGITS") 
READ 20, P 
20. FORMAT (F6.2) 
PRINT 30, P 
30 FORMAT (1X,G14.6) 
END 


The F6.2 format means: read 6 characters; if they don't contain the decimal point, 
insert it before the last 2 digits. For example, suppose you input: 


327514968 


The computer reads the first 6 characters (327514). Since they don't contain the 
decimal point, the computer inserts it before the last 2 digits, so Pis 3275.14. 
Line 30 prints: 


3275.14 
For that program, suppose you input: 
7.9423967 


The computer reads the first 6 characters (7.5423). Since they already contain 
the decimal point, F is 7.5423. Line 30 prints: 


7.54230 
Suppose you input: 
497E3 


The computer reads 6 characters (497E3, followed by a blank). Since blanks are 
treated as zeros, the computer gets 497E30. Since 497E30 doesn't contain the 
decimal point, the computer inserts it before the last 2 digits, so Pis 4.97E30. 
Line 30 prints: 


0.497000E+31 
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OMITTING FORMATS 
Most computers let you omit numeric formats. This program works on most modern } 
computers (such as computers having FORTRAN 77, PDP-20 computers, PDP-10 compula 
using FORTRAN 10, PDP-11 computers using FORTRAN IV-PLUS, CDC computers using} 
FORTRAN IV-EXTENDED, and IBM computers using FORTRAN H-EXTENDED): 


PRINT 10 On POP computers, say TYPE instead of PRINT, 
10 FORMAT (1X,'TYPE TWO INTEGERS') and say ACCEPT instead of READ. ; 

READ *, M,N ; 

ISUM=M+N 

PRINT *, ISUM 


END 


The word READ is followed by an asterisk, instead of a FORMAT number. The last 
PRINT is followed by an asterisk also. The asterisk makes the computer invent its 
own FORMAT. To make the program add 241 and 82976, input the numbers, separated 
by a comma: 


241 ,82976 


{ 
The computer will notice the comma's location and automatically use an I3 format for | 
241, a 1X format to skip over the comma, and an [5 format for 82976. To print ISUM, 
the computer will use a safe format, such as 114 or [15. 

By omitting formats, you gain two advantages: 


Y You can write FORTRAN programs more quickly. 


/ The person who inputs doesn't have to worry about whether his spacing matches 
the format. The computer invents a format that matches his input. 


On CDC computers using TS FORTRAN, and on Honeywell computers, omit the 
asterisk after READ and PRINT: 


PRINT 10 
10 FORMAT (1X,'TYPE THE NUMBERS") 
READ, M,N 
ISUM=M+N 
PRINT, ISUM 
END 


On PDP-10 computers using F40 FORTRAN, and on PDP-11 computers using 
regular FORTRAN IV, you need FORMATs, but omit the number in the I format: 


TYPE 10 
10 FORMAT (1X,'TYPE THE NUMBERS") 
ACCEPT 20, M,N | 
20 FORMAT (1X,2I) 
ISUM=M+N | 
TYPE 30, ISUM 
30 FORMAT (1X,1) 
END 


You can use similar short cuts for real numbers. 


hh 
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+> 


++ ooooe 
Ss An dn tin din nd ininl 
de di tis tintin tis tn nnn 
FFF Foooe 


+> 


PRETTIER PROGRES 


COMMENTS 
If you type C instead of a line number, the computer will ignore the line. 
N=50+13 
C I HATE COMPUTERS! 
PRINT 10, N 
10 FORMAT (1X,114) 
END 


The computer will ignore the Comment. The computer will print 63. 
The C in FORTRAN is like the REMARK in BASIC: use it to document your program. 


CONTINUATION 
Some computers look at only the first 72 characters of each line of your program: 
if your line contains more than 72 characters, it won't work. 
If you want to type a long statement, type just the first 72 characters. On the 
line below, type the remaining characters, beginning in the 7th print position; 
and in the 6th print position type a 6: 


PRINT 10 

10 FORMAT (1X,"I LIKE ROSES IN MY TEA.'/1X,'THEY MAKE IT GLOW RED, LI 
6KE HOT BLOOD.') 
END 


The computer will print: 


I LIKE ROSES IN MY TEA. 
THEY MAKE IT GLOW RED, LIKE HOT BLOOD. 


A line that has a 6 in column 6 is called a continuation line, because it's a continuation 
of the line above it. 

(I suggest you put a 6 in column 6. But some programmers put a 1 in column 6, 
or a 9 in column 6, or a+in column 6, or a * in column 6, or a $ in column 6. In 
fact, you can put any character in column 6, except a zero. Choose your favorite 
character; the computer doesn't care. ) 

On PDP computers, put the 6 immediately after a controlled I, instead of in 
column 6: 


10 FORMAT (1X,'I LIKE ROSES IN MY TEA.'/1X,'THEY MAKE IT GLOW RED, LI 
6KE HOT BLOOD.') 


(I suggest you put a 6 after the controlled I. But you can put in any non-zero digit, 
instead of a 6.) 

On CDC computers using TS FORTRAN, type a + instead of a 6, and put it 
immediately after the edit number, with no intervening spaces: 


00120 10 FORMAT (1X,'I LIKE ROSES IN MY TEA.'/1X,'THEY MAKE IT GLOW RED, LI 
00130+KE HOT BLOOD.") 
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‘LOSIG 


IF 
FORTRAN allows the word IF: 
Statement Meaning 
TE Cr RTT 5) 2 J=5 If I is Less Than 5, let J=3. 
IF (I .LT. 5) GO TO 80 If I is Less Than 5, go to line 80. 
IF (CLL. 2" STOP If I is Less Than 5, stop. 


IF (I .LT. 5) PRINT 10, J If I is Less Than 5, print J by using line 10's FORMAT. 


The condition must be enclosed in parentheses. LT must be enclosed in periods. 
FORTRAN uses these clauses: 


Clause Meaning 
IF (I .LT. 5) if Iis Less Than 5 


IF (I .GT. 5) if Iis Greater Than 5 

IF (I .LE. 5) if Iis Less than or Equal to 5 

IF (I .GE. 5) if I is Greater than or Equal to 5 
IF CI SEQ. 5). if [as EQual to. 

IF (I .NE. 5) if I is Not Equal to 5 


You can use the words AND and OR: 


Idea How to say it in FORTRAN | 
if liis*2-;0r Sor 13 TE SCL SEOs eee uke LVS EQ. 7. es One I. EQ. 133 
if I is an integer from 1 to 100 TPeCl + GES 4 -AND. TUES 100) 

if X<Y<Z IF CX 272% cs ANDS = Yc poe 

if A is less than both B and C iP-MAS. eee «AND. A@ZETYRCD 


if X is negative or between 5 and 9 IF (X .LT. 0.0 .OR. X .GE. 5.0 .AND. X .LE. 9.0 


Take this test: cover the column that says "How to say it in FORTRAN". Try to translate 
each "Idea" into FORTRAN, then check your answers. If one of your answers is shorter 
than the correct answer, take the test again! For example, the following answer to the 
first idea is wrong: 


IF CL" EQt 2 SOK a, 7 OR eo? 
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FORTRAN 77 lets you say "END IF". For example, here's how FORTRAN 77 lets 
you say, "If Iis greater than 5, let J be 80 and let K be 90": 


TPL. GT t95)?-THEN 
J=80 
K=90 

END IF 


Here's how FORTRAN 77 lets you say, "If I is greater than 5, let J be 80 and let 
K be 90; but if I is not greater than 5, let J be 30 and let K be 50": 


Lao Gide td) THEN 
J=80 
K=90 
ELSE 
J=30 
K=50 
END IF 


Here's how FORTRAN 77 lets you say, "If I is greater than 5, let J be 80 and let 
K be 90; if I is not greater than 5, but I is greater than 2, let J be 81 and let K be 92; 
if I is not greater than 2, let J be 30 and let K be 50": 


tee leect.) )) © 1HEN 
J=80 
K=90 
EloeeLE) CL. GT. sc) anneN 
J=81 
K=92 
ELSE 
J=30 
K=50 
END IF 


Warning: to say "END IF", you must get FORTRAN 77. If you use FORTRAN IV instead, 
"END IF" doesn't work. I recommend that you get FORTRAN 77. 
Here's a different kind of IF statement: 


rk 20,900,970 
It means: 


if X is a negative number, go to line 20; 
if X is zero, go to line 50; 
if X is a positive number, go to line 90. 


That kind of IF statement is called a three-way IF, or an arithmetic /F. (To pronounce 
"arithmetic", put the accent on met.) The other kind of IF is called a logical IF. 


COMPUTED GO TO 
In your program, you can say: 


GO, T0=.(80.4100,20,359) ~ 1 


That means: go to either 80, 100, 20, or 350, depending on what I is. More specifically , 
it means: 


go to line 80, if I is 1; 
go to line 100, if I is 2; 
go to line 20, if Iis 3; 
go to line 350, if I is 4; 
proceed to the line underneath, if I is a different integer. 


That FORTRAN statement is called a computed GO TO. It resembles this BASIC 
statement: 


30 ON I GO TO 80,100,20,350 
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DO 
This program prints the square of every number from 80 to 100, and then prints 
GET LOST: 


BASIC FORTRAN 
v ~_ bO 30 1=80,100 
10 FOR I = 80 TO 100 eS 
20 PRINT I+2 PRINT 20, J 
20 FORMAT (1X,114) 
30 NEXT I 30 CONTINUE 
40 PRINT "GET LOST" PRINT 40 
40 FORMAT (1X,'GET LOST") 
END 


If you compare the BASIC with the FORTRAN, you'll notice FORTRAN uses the word 
DO instead of FOR, uses a comma instead of TO, and uses CONTINUE instead of NEXT. 
The statement DO 30 /=5,9 means: DO every line up through line 30, repeatedly, as 
I goes from 5 to 9. In BASIC, programmers indent every line between FOR and NEXT; 
in FORTRAN, programmers indent every line between DO and CONTINUE. In BASIC, 
the indented lines are called a FOR...NEXT loop; in FORTRAN, they're called a 
DO loop. 

If you want the computer to print the square of every fifth number from 80 to 100, 
change the top line of the program: 


BASIC FORTRAN 

10 FOR I = 80 TO 100 STEP 5 DO 30 I=80,100,5 | 
In a DO statement, some computers allow only positive integer variables and constant 

Not allowed Why What to say instead 


DO 10 X=1.0,5.0 reals are not allowed DO 10 I=1,5 


DO 10 X=17.3,98.5 reals are not allowed DO 10 I=173,985 
X=1/10.0 


DO 10 I=0,5 0 is not positive DO 10 J=1,6 
I=J-1 

DO 10 I=-3,5 -3 is not positive DO 10 J=1,9 
I=J-4 


DO 10 1=100,7,-1 -lis not positive DO 10 J=7,100 
I=107-J 


DO 10 I=5,J+K + is not allowed L=J+K 
DO 10 I=5,L 


Other computers are more generous and allow anything. Find out about yours. 
If you say— 


DO 10 I=1,N 


the computer will do up through line 10, N times. For example, if N is 73, the 

computer will do up through line 10, 73 times. If N is 2, the computer will do 

up through line 10, twice. If N is 1, the computer will do up through line 10, once. 
What happens in N is less than 1? The answer depends on which version of 

FORTRAN you're using. If you're using FORTRAN 77, the computer will skip the 

loop, and proceed to the line below line 10. But if you're using FORTRAN IV, 

the computer will do the loop once, as if N were 1. FORTRAN 77 makes more sense, 

but at the moment most computers are still using FORTRAN IV. 
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In the middle of a DO loop, don't change the value of the index. For example, 
if your DO loop begins with— 


DO 10 1=1,100 
don't insert this line in the middle of your loop: 
I=14 


It will confuse the computer. 
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LISTS 


SUBSCRIPTS 


Like BASIC, FORTRAN permits subscripts: 


10 


DIMENSION X(4) 

X(1)=.21 

X(2)=.3 

X(3)=1.08 

X(4)=5.0 

SUM=X (1) +X (2) +X (3) +X (4) 
PRINT 10, X,SUM 

FORMAT (1X,G14.6) 

END 


X whl be a List of 4 numbers, called X(1), X(2), X(3), 
and X(4). Since X doesn't begin with I, J, K, L, M, or 
the 4 numbers wiht be neal. 


a 


The computer wih print the List and the SUM, Like thisé 
0.210000 | 
0: 300000 : 

1.08000 ; 
5.00000 . 
6.59000 


If you change the format to (1X ,5G14.6), the computer will print all 5 numbers on 
the same line: 


0.210000 0.300000 


You must say DIMENSION if your program uses subscripts, even if the subscripts 


are small. Say DIMENSION at the very top of the program. Make sure you say 
DIMENSION, not DIM or DIMENSIONS. The computer assumes all subscripts will be 


positive, so don't say X(0). If a subscript is zero or negative or larger than the 
DIMENSION statement says, the computer might not notice your error, and will 


1.08000 5.00000 6.59000 


- cee ae 


print wrong answers without warning you. 
If your program begins like this— 


DIMENSION A(6) 
READ 10, A 


the computer will begin by reading 6 real numbers, which will become A(1), A(2), 
A(3), A(4), A(5), and A(6). 

If you want T to be a table of numbers, and you want T to have 4 rows and 2 
columns, begin your program by saying: 


DIMENSION T(4,2) 


TO-printal. say: 


10 


PRINT G10 Gl edema Ieee 
PRINT. LO Ceca ie se 
PRINT 10,7. CoS 1oe AS 
PRINT 10, 1¢4,1), T(4,2) 
FORMAT (1X,2G614.6) 


If you say— 


PRINT 10, T 


the computer will print the entire table T, but in an undesirable order: it will 
print T(1,1), T¢2;1)¥ TC3,Ds and -T4yl) then TU) 7 Ta SbCl and (403). 
Similarly, "READ 5, T" makes the computer read T in an undesirable order. 


(38) 


IMPLIED DO 
This statement— 


PRINT 10, X(€3),X(4),X(5) ,X (6) ,X(7) 
can be written more briefly, like this: 
PRINT 10, (X(I), I=3,7) 


It means: using line 10's format, print the value of X(1), for I = 3to 7. The 
construction (X(I), I=3,7) is called an implied DO loop. Notice the parenthesis 
at the beginning, the parenthesis at the end, and the commas. Here are other 
examples of implied DO loops: 


Implied DO loop Meaning 
(XCI), I=100,120,5) X (100) ,X (105) ,X (110) ,X (115) ,X (120) 
(X(I),YCI), I1=3,7) MCSD PY C35) XG Y-C4D FAX ISIC PAX CONEY (6) X CI EVCTA 


Here's a calendar: 


lmeerrt > teo. 6-7. 
SEO TOC 2 t4S 14 
Oe OMbAMIGH19 820 "21 
Cee Seek eo 26) 27828 
che ee sey 


This program prints it: 


PRIN a LO gio Wot) 
10 FORMAT, .CUxpieguX ple pi xpl ool xk, baatX, le, ing LonlAglcd 
END 


The program's top statement says to print every value of I, for I =1 to 31. The 
FORMAT says to print 7 integers on each line, and separate the integers by spaces. 
Since 1X followed by I2 is about the same as I3, you can write the FORMAT more 
briefly : 

10 FORMAIn (15,705,051 5,1 5715715. 

Even more briefly: 

10 FORMAT (713) 


If T is a table having 3 rows and 5 columns, these lines will print it in the 
correct order: 


PRON lect (1 eee e,. 1155), 101,40. 1.01 ,5) 

PRINT Seip (c Soucy, arp Th255), 12,4), 1 02,5) 

PRINT ©2005, 10 5, aoe, al (3,55), 10,4) 50193,5) 
20 FORMAT (1X,5G614.6) 


This short cut does the same thing: 


PRINPECOPMOT (15) ..J=1 05) 

PRINT 20, (1(2,J), J=1,5) 

PRINTS COP ECT I) » J=1,5) 
20 FORMAT (1X,5614.6) 


Here's a shorter cut: 


; ‘e (foberaoe | 
ER INeecOMmCCTCI¢ bd =145)>, 1-1-5) hm 
20 FORMAT (1X,5G14.6) ‘ 


To read the table, say: 
READ AO, (C1109, J=1,5), 1=13) 
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DATA 
This example shows FORTRAN's DATA statement, which differs from BASIC's: 


DATA X/S.7/, Y/1-4/, 279-07 KADER, WIAD. ay hd, Cex, 920. 


X=100.6 X changes to 100.6. 
PRINT 10, X,Y,Z The computer wih print: 

10 FORMAT (1X,3G614.6) 100.600 1.40000 9.00000 
END 


In that DATA statement, you must write 9.0, not $: the number must be real, 
since Z is real. 


The DATA statement resembles these three statements— 
X=8.7 
Y=1.4 
Z=9.0 
but is faster. 
Here's another way to type the DATA statement: 


DATA X,Y,Z/8.7,1-4,9-0/ 


It says X, Y, and Z are 8.7, 1.4, and 9.0 respectively. 

Like the DIMENSION statement, the DATA statement belongs at the very top of 
the program. If you want both a DIMENSION statement and a DATA statement, put 
the DIMENSION statement first. 

This DATA statement says A, B, C, D, and E are all 1.7, and X, Y, and Z 
are all 9.6: 


DATA A,B, Cl Dp Eph pl pl lle lp hol pal ol ghelep tel eeOnm ao ny Jay, 


Since the first 5 numbers are 1.7, and the next 3 numbers are 9.6, you can write 
more briefly: 


DATA A,B,C,D,E,X,Y ,Z/5*1.7,3*9.6/ 
To make A be this list— 


> 
ie} 
CO F COW & =] 


begin your program with these lines: 


DIMENSION A(6) 
DATA A/81.7,92.6,25.3,49.8,/2.1,68.8/ 


To make T be this table— 
8.4 9.7 
5.1 6.8 
Bd mee 
6.3 9.8 


begin your program with these lines: 


DIMENSION T(4,2) | 
DATA T/8.4,5.1,225,623,927,608,722,928/ 


Notice you must list the entire first column, then the second. 
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STRING VARIABLES 
This program works on most computers: 


N="UP! 

PRINT 10, N 
10 FORMAT (1X,A2) 

END 


The top line says N is the string 'UP'. The next line says to print N, using the 


format in line 10. The A2 format means a 2-character string. (The A is derived 
from the word Alphabet.) The computer will print: 


UP 


Some computers allow apostrophes only in FORMAT, DATA, and CALL statements. 
(You'll learn about CALL statements later.) On such computers, the statement N='UP' 
is illegal. Instead say: 


DATA N/'UP'/ 


A string statement should look like an integer: it should begin with the letter 
I, J, K, L, M, or N. You can say N='UP' but shouldn't say X='UP'. 

The string a variable stands for must be short. You can say N='UP' but not 
N='SUPERCALIFRAGILISTICEXPIALIDOCIOUS'. The longest permissible string 
depends on your computer: 


Computer Longest permissible string 
PDP-11 (using FORTRAN IV) 2 characters 
PDP-11 (using FORTRAN IV-PLUS), IBM 4 characters 
PDP-10, PDP-20, Honeywell 5 characters 
CDC 10 characters 
Example: 


PRINT 10 

10 FORMAT (1X,'DO YOU LIKE ME?") 
READ 20, IREPLY 

20 FORMAT (A1) 
bE A OERERE YS. EQQanye)) PRINT 60 

30 FORMAT (1X,'I LIKE YOU TOO! ") 
PRINT 40 

40 FORMAT (1X,"SO LONG, BUSTER. ') 
END 


The first pair of lines make the computer print DO YOU LIKE ME? The next pair 
set IREPLY equal to the first letter the human types. If the human types YESIREE, 
the computer will set IREPLY equal to 'Y' and will therefore print: 


I LIKE YOU TOO! 
SO LONG, BUSTER. 


But if the human types NOT AT ALL, the computer will set IREPLY equal to 'N' and 
will therefore print just: 


SO LONG, BUSTER. 
In that program, the string is called IREPLY instead of REPLY, to make it an integer. 
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Advanced example: 


DIMENSION NAME (25) 
PRINT 10 
10 FORMAT (1X,"WHAT IS YOUR NAME?") 
READ 20, NAME 
20 FORMAT (25A2) 
PRINT 30, NAME 
30 FORMAT (1X,"I HATE ANYONE NAMED ',25A2) 
END 


The top line says NAME will be a list of 25 elements. The next pair of lines print 
WHAT IS YOUR NAME? If the human answers— 


BARTHOLOMEW HIERONYMOUS MCGILLICUDDY, M.D. 


the format in line 20 sets NAME equal to 25 two-character strings: 


NAME(1) is 'BA' NAME(10) is 'YM' NAME(19) is ', ' 
NAME(2) is 'RT' NAME(11) is 'OU' NAME(20) is 'M.' 
NAME(3) is 'HO' NAME(12) is 'S ' NAME(21) is 'D.' 
NAME(4) is 'LO' NAME(13) is 'MC! NAME(22) is ' ' 
NAME(5) is 'ME! NAME(14) is 'GI' NAME(23) is ' ! 
NAME(6) is 'W '! NAME(15) is 'LL!' NAME(24) is ' ' 
NAME(7) is 'HI' NAME(16) is 'IC' - NAME(25) is ' ' 
NAME(8) is 'ER' NAME(17) is 'UD' 

NAME(9) is 'ON' NAME(18) is 'DY' 


Format 30 prints: 
I HATE ANYONE NAMED BARTHOLOMEW HIERONYMOUS MCGILLICUDDY, M.D. 


To make that program run faster, use fewer strings. For example, if you have 
a CDC computer, each string can be as long as 10 characters, so you need only 
5 strings to make 50 characters: 


— DIMENSION NAME (5) 

PRINT 10 
10 FORMAT (1X,'WHAT IS YOUR NAME?') 

READ 20, NAME 

++20 FORMAT (5A10) 
PRINT 30, NAME 

++30 FORMAT (1X,'I HATE ANYONE NAMED ',5A10) 
END 


On computers having FORTRAN 77, and on IBM computers using WATFIV, you 
can request super-long strings: 


rs CHARACTER*50 NAME 

PRINT 10 
10 FORMAT (1X,"WHAT IS YOUR NAME?') 

READ 20, NAME 

+F2U FORMAT CA50) 
PRINT 30, NAME 

++30 FORMAT (1X,"I HATE ANYONE NAMED ',A5Q) 
END 


The top line requests that NAME be a 50-character string. Like the DIMENSION 
statement, the CHARACTER statement must be put at the very top of the program, 
above even the DATA statements. 
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I HOBO It) 
WIS Si SS NI I) SIS SI SB SSIS S'S 
DOUBLE APOSTROPHE 


To make the computer print an apostrophe, use two apostrophes next to each other. 


PRINT 10 
10 FORMAT (1X,'MOMMY ISN''T HERE") 
END 


The computer will print: 
MOMMY ISN'T HERE 


T FORMAT 
You saw this program for meatball lovers: 
PRINT 10 
10 FORMAT (1X,"EAT A',8X,'MEATBALL') 
END 


It made the computer print EAT A, then 8 blank spaces, then MEATBALL: 
EAT A MEATBALL 
This program does the same thing: 


PRINT 10 
10 FORMAT (1X,"EAT A‘',115,'MEATBALL' ) 
END 


It makes the computer print EAT A, then Tab over to the 1oth position on the line, 
and print MEATBALL. When the computer tabs to the 15th position, it considers the 
carriage control to be the first "position"; the E in EAT is the first character 

the computer will print, and the computer considers it to be the second "position"; the 
A in EAT is the second character the computer will print, and the computer considers 
it to be the third "position"; the M in MEATBALL is the 14th character the computer 
will print, since the T15 says it is the 15th "position". 


BLANK RECORDS 


Example: 
PRINT 10 

10 FORMAT (1X,'PLEASE'/1X,'NIBBLE'//1X,'MY'/////1X,'CHEESE") 
END 


Line 10 makes the computer print several lines. The first line will say PLEASE. 

The next line will say NIBBLE. The next line will be blank. The next line will 

say MY. The next 4 lines will be blank. The last line will say CHEESE. So altogether, 
the computer will print: 


PLEASE 
NIBBLE 


MY 


CHEESE 
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REPEATED FORMATS 
The computer can feel very depressed: 


PRINT 10 
10 FORMAT (1X,'I FEEL ',3("DOWN')) 
END 


Line 10 is an abbreviation for this format: 
1X,"I FEEL ','DOWN','DOWN','DOWN' 
The computer will print: 
I FEEL DOWNDOWNDOWN 
Let's burp and pray: 


PRINT 10 
10 FORMAT (1X,"JACK ',2C'BURPS'/1X,"MARY '),'ALSO PRAYS') 
END 


Line 10 is an abbreviation for this format: 
1X,'JACK ',"BURPS'/1X,'MARY ',"BURPS'/1X,'MARY ',"ALSO PRAYS' 
The computer will print: 


JACK BURPS 
MARY BURPS 
MARY ALSO PRAYS 


E FORMAT 
For real numbers, the usual formats are F and G, but another option is E. If you 
say E14.6 instead of G14.6, the computer will print an E in the answer. Here are 
examples: 


Using G14.6 format Using E14.6 format 


B-0.283941E-29 
BHO.2935027RREE 
BBES 34530008 
BHBS9.4559R008 
8847802 .30008 
BB8986327. BRE 
BHO.288341E+24 


B-0.283941E-29 
BHO.293027E+00 
@80.534523E+01 
BHO. 394539E+02 
BHO.478023E+05 
BHO.986327E+06 
BHO.288341E+24 


The G14.6 format is easier for a human to read than E14.6. But most programmers 
are stupid, don't know about G14.6, and use E14.6 instead. 


P FORMAT 
FORTRAN's notation differs from BASIC. If you ask the computer to print 
288341000000000000000000.0 in FORTRAN, by using G14.6 (or E14.6), the computer 
will normally print a 0 before the decimal point, like this: 0.288341E+24. In BASIC, 
the computer will print a non-zero digit before the decimal point, like this: 
2.88341E+23. 

If you're writing a program in FORTRAN, but you prefer BASIC's notation, ask 
for 1PG14.6 (or 1PE14.6). The 1P makes the computer imitate BASIC. But if a 
FORMAT contains 1PG, it must not contain F afterwards; this will print a wrong 
answer: 


FORMAT (1X,1PG614.6,F8.2) 
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FUNCTIONS 


SQUARE ROOT 
This program finds the square root of 9: 


A=SQRT (9.0) 
PRINT 10, A 

10 FORMAT (1X,G614.6) 
END 


The computer will print: 
3.00000 


In that program, you must say SQRT(9.0), not SQRT(9). If you say SQRT(9), 
the computer will either gripe or print a wrong answer. 

The number in parentheses must be real. That's why you can say SQRT(9.0) but 
not SQRT(9). You can say SQRT(8.0+1.0) but not SQRT(8+1). You can say SQRT(X) 
but not SQRT(J). 

Be careful when you translate from: BASIC to FORTRAN: in BASIC, you say SQR; 
in FORTRAN, you say SQRT instead. 

This program prints a table, showing the square root of 2.0, the square root of 3.0, 
the square root of 4.0, the square root of 5.0, etc.: 


X=2.0 
10 Y=SQRT (X) 
PRINT 20, X,Y 
20 FORMAT (1X,2614.6) 


X=X+1.0 
GO TO 10 
END 
The computer will print: 
2.00000 1.41421 
3.00000 1..%3205 
4.00000 2.00000 
5.00000 2.25607 
6.00000 2.44949 
7.00000 2.0401) 
8.00000 2.82843 
9.00000 3.00000 
10.0000 3.16228 


etc. 
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FLOAT 
If you say FLOAT, the computer will create a FLOATing-point number (in other 
words, a real number), by using an integer. For example, FLOAT(3) is 3.0. If J is 
7, then FLOAT(J) is 7.0. 
The word FLOAT can help you reach the following goals.... 


GOAL: find the square root of J. 

DIFFICULTY: you aren't allowed to say SQRT(J), because what you take the 
square root of must be a real number; you can say SQRT(X) but not SQRT(J). 
SOLUTION: say X=J, and then say SQRT(X). 

SHORTER SOLUTION: say SQRT(FLOAT(J)). 


GOAL: divide I by J accurately. 

DIFFICULTY: saying I/J doesn't solve the problem, because when the computer 
divides integers it gives an integer answer, instead of an accurate real answer. 
SOLUTION: say X=I, then Y=J, then X/Y. 

SHORTER SOLUTION: say FLOAT(I)/FLOAT (J). 


RANDOM NUMBERS 
Here's how to set R equal to a random decimal between 0 and 1: 


Computer What to say 

CDC R=RANF (QO) 

PDP-10, PDP-20 R=RAN(O) 

PDP=t1t R=RAN CISEED,ISEED2) 


To randomize the random numbers on PDP-10 and PDP-20 computers, put these 
lines near the top of your program: 


CALL TIMECISEED,ISEED2) 
CALL SETRAN(MODCISEED/2+ISEED2/2, 2147483648) ) 


On other computers, randomizing is even more complicated; ask the people who run 
your computer center. 


MAXIMA AND MINIMA 
To find the maximum real number in a list, ask for AMAX1. For example, 
AMAX1(4.7, 2.8, 41.6, 9.2, 82.3, 9.7) is 82.3. And AMIN1(4.7, 2.8, 41.6, 9.2, 82.3, & 
is the minimum, which is 2.8. If the numbers in the list are integers, say 


MAX0 instead of AMAX1, and say MIN0O instead of AMIN1. 
zero, not oh 


ABSOLUTE VALUE 
ABS(X) means the ABSolute value of X; in other words, X without its minus sign. 
For example: 


ABS(-5.2) is 5.2 
ABS(-7.0) is 7.0 
ABS(9.3) is 9.3 


For integers, say IABS instead of ABS. For example, IABS(-7) is -7. 


REMAINDER 
When you divide 11 by 4, the remainder is 3: 
2 
4)11 
ac. 


3 is the remainder 


If you ask for MOD(11,4) the computer will divide 11 by 4 and get the remainder, 
which is 3; so MOD(11,4) is 3. 
Use MOD for integers; use AMOD for reals. For example, AMOD(11.0, 4.0) is 3.0. 


(46) 


TRIGONOMETRY 
If your computer has FORTRAN 77, or your computer is an IBM having FORTRAN 
H-EXTENDED, or your computer is a PDP-11 having FORTRAN IV-PLUS, you can 
use these trigonometric functions: : 


Symbol Meaning 


SIN(X) the SINe of X radians 
COS (X) the COSine of X radians 
TAN (X) the TANgent of X radians 


ASIN(X) the ArcSINe of X in radians; the number whose sine is X 
ACOS(X) the ArcCOSine of X in radians; the number whose cosine is X 
ATAN(X) the ArecTANgent of X in radians; the number whose tangent is X 


SINH(X) the SINe Hyperbolic of X 
COSH(X) the COSine Hyperbolic of X 
TANH(X) the TANgent Hyperbolic of X 


If your computer is old-fashioned, it restricts you: 


Old-fashioned computer Restriction 

PDP-10, PDP-20 you can't say TAN(X) 

CDC you can't say SINH(X) or COSH(X) 

other IBM computers say ARSIN(X), not ASIN(X); say ARCOS(X), not ACOS(X) 
FORTRAN IV computers you can't say TAN(X), ASIN(X), ACOS(X),SINH(X), or COSH(X) 


You can replace X by any rea/ number. For example, you can say SIN(4.0) but 
not SIN(4); you can say SIN(Y) but not SIN(J). 

Be careful when you translate from BASIC to FORTRAN: in BASIC, you say ATN; 
in FORTRAN, you say ATAN instead. 

You've seen that SIN(X) is the sine of X radians. But what's the sine of KX degrees? 
On PDP-10 and PDP-20 computers, you can find the sine of X degrees by asking for 
SIND(X); and you can find the cosine of X degrees by asking for COSD(X). 

ATAN2(Y,X) is about the same as ATAN(Y/X), but is faster, more accurate, and 
gives a useful answer even when X is zero or negative. ATAN2(Y,X) is the angle 
(in radians) of the line that goes through the origin and the point (X,Y). 


CALCULUS 
You can use these functions: 


Function Meaning 
EXP (X) ee 
ALOG(X) log, X 


ALOG10(X) logip X 


You can replace X by any real number, but not by an integer. Each of those 
functions produces a rea/ answer, since none of them begins with I, J, K, L, M, 
or N. The logarithm function is called ALOG instead of LOG, to avoid beginning 
with L. Be careful when you translate from BASIC to FORTRAN: in BASIC, you 
say LOG; in FORTRAN, you say ALOG instead. 
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EXOTIC FEATURES 


DOUBLE PRECISION 
Some computers are more accurate than others: 


Computer Accuracy for real numbers 
PDP-11, IBM 7 digits 
PDP-10, PDP-20, Honeywell 8 digits 
CDC 14 digits 


For example, suppose you feed this program to a PDP-11 or IBM: 
A=5398.1642376236 


PRINT 10, A 
10 FORMAT (1X,F15.10) 
END 


Expect the first 7 digits the computer prints to be correct (5398.164), but the 
remaining digits it prints to be wrong: they arise from round-off error inside 
the computer. 

A PDP-11 or IBM prints some numbers to an accuracy of 8 digits and others to 
an accuracy of only 6 digits, but 7 digits is typical. 

For real numbers, I recommend you use a G14.6 format, because it's safe: it 
prints just the first 6 digits. If you want to see further digits that are probably 
correct, use these formats instead: 


Computer Format What the format does 
PDP-11, IBM G15.7 prints the first 7 digits 
PDP-10, PDP-20, Honeywell G16.8 _ prints the first 8 digits 
CDC G22.14 prints the first 14 digits 

You can obtain extra accuracy, by requesting double precision: 
Computer Accuracy for double precision numbers Format 
PDP-11 14 digits D22.14 
PDP-10 (using KA), Honeywell 16 digits D24.16 
IBM 17 digits D2 S.alf 
PDP-10 (using KI or KL), PDP-20 18 digits D26.18 
CDC 29 digits D37.29 
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————— 


Each of these programs computes the square root of 6.3x10° on a PDP-11 computer: 


Using reals Using double precision 
DOUBLE PRECISION A 
A=SQRT (6. 3E8) A=DSQRT (6. 3D8) 
PRINT 10, A PRINT 10, A 
10 FORMAT (1X,G15.7) 10 FORMAT (1X,D22.14) 
END END 


The program on the left computes 7 digits. The program on the right computes 14. 
Comparing the programs, you'll notice four differences: 

1. For double precision, you must use double precision numbers. Instead of 
saying 6.3E8, say 6.3D8. The D means Double precision. 


Real number Double precision number 
6.3E8 6.3D8 


29.6 29.6D0 
this 45 a zero 
2. For double precision, you must use double precision functions. Instead of 
saying SQRT, say DSQRT. 


Real function Double precision func. Real function Double precision func. 
SQRT DSQRT SIN DSIN 
AMAX1 DMAX1 COs DCOS 
ABS DABS TAN DTAN 
AMOD DMOD ASIN DASIN 
EXP DEXP ACOS DACOS 
ALOG DLOG ATAN DATAN 
ALOG10 DLOG10 ATAN2 DATAN2 
SINH DSINH 
COSH DCOSH 
TANH DTANH 


3. For double precision, you must use double precision variables. Normally, 
the variable A would be real; to make it double precision instead, say: 


DOUBLE PRECISION A 


Normally, the variables LENGTH and MASS would be integers, and VOLUME would 
be real; to make them all double precision, say: 


DOUBLE PRECISION LENGTH,MASS,VOLUME 


Like the DIMENSION and CHARACTER statements, the DOUBLE PRECISION statement 
must be put at the very top of the program, above even the DATA statements. If you 
Say —— 


IMPLICIT DOUBLE PRECISION(D) 


every variable whose first letter is D will automatically be double precision; for 
example, DISTAN and DIAMET and DSIZE will automatically be double precision. 

4. For double precision you must use double precision formats. Instead of a G 
format, use D22.14, or whichever D format is appropriate for your computer. 

Although double precision arithmetic is more precise than real arithmetic, it's also 
more expensive: it consumes more of the computer's time, and the numbers consume 
more of the computer's memory. 

If you combine an integer or a real number with a double precision number, the 
answer will be double precision. 
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COMPLEX 
In mathematics, the square root of -1 is called i. So i? is -1. The number i obeys 
most of the rules of algebra: 
iti is 2i 
2i+3i is 5i 
(8+2i) + (7+3i) is 15+5i 
(8+2i) * (743i) is 8*7 + 8*3i + 2i*7 + 21*31, which is 56 + 24i + 14i + 6i*, which 
is 56 + 241 + 141i + -6, which is 50+381. 


The number i is neither positive nor negative nor zero; it is pictured instead 
as being above the real number line: 


i 
-§ -4*=3¥=2 oP OMe 6 ee 


2i is further above the real number line: it is 2 units above 0. Another example: 
5+2i is 2 units above 5. 

A number that involves i is called complex. So 5+2i is complex. Its real part is 5, 
its imaginary part is 2, and its conjugate is 5-21. 

This program multiplies 8+2i by 7+3i and prints the correct answer, 50+38i: 


COMPLEX B 
B=(8-U 2.0) aakwet ses 
PRINT 10, B 
10 FORMAT (1X,2614.6) 
END 


FORTRAN says (8.0, 2.0) instead of 8+2i; the decimal points and parentheses are 
required. To make B complex instead of real, say COMPLEX B; like the DIMENSION 
and CHARACTER and DOUBLE PRECISION statements, the COMPLEX statement must 
be put at the very top of the program, above even the DATA statements. To print B, 
use the G14.6 format twice (once for the real part, and once for the imaginary part). 
The computer will print: 


50.0000 38.0000 


If you say IMPLICIT COMPLEX(C), every variable whose first letter is C will 
automatically be complex. 

Although you can write 8+2i as (8.0, 2.0), you cannot write X+Yi as (X, Y); 
instead write CMPLX(X, Y). The rule is: to build a complex number from 
variables instead of from constants, say CMPLX. The variables you use to build it 
must be real. 

If B is complex, you can use these functions: 


Function Meaning 
CSQRT(B) the complex number that's the square root of B 


CSINCB) the complex number that's the sine of B 
CCOS(B) the complex number that's the cosine of B 


CEXP(B) the complex number that's iat 

CLOG(B) the complex number that's log B 

CABS(B) the rea/ number that's the absolute value of B 
REAL(B) the rea/ number that's the real part of B 
AIMAG(B) the rea/ number that's the imaginary part of B 
CONJG(B) the complex number that's the conjugate of B 


(50) 


This program finds the square root of -9 and prints the correct answer, 3i: 


COMPLEX B,Z 
B=-9 
Z=CSQRT (B) 
PRINT 10, Z 

10 FORMAT (1X,2614.6) 
END 


Since the top line says B is complex, the second line makes B the complex number 
-9+0i. The next line makes Z the square root of -9+0i, which is 0+3i. The computer 
will print the 0 and the 3: 


0.000000 3.00000 


Since that program sets B equal to -90i, which FORTRAN writes as (-9.0, 0.0), 
you can shorten the program to this: 


COMPLEX Z 
P-CeenriTc- 9.0, 0.0) ) 
PRINT 10, Z 

10 FORMAT (1X,2614.6) 
END 


Make sure the number inside CSQRT's parentheses is complex: you need the decimal 
points, comma, and parentheses. 

When the computer combines a complex number with an integer, a real, or a 
double precision number, the result is complex. 

Some computers limit your use of complex numbers, by restrictions such as: 


"Don't say a complex number. equals a double precision number", 

"Don't combine a complex number with a double precision number", 

"Don't raise a number to a complex power", 

"Don't raise a complex number to a power, unless the power is an integer". 


Find out whether your computer has those restrictions. 
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SUBROUTINES 
This program is a combination of two routines: 


PRINT 10 
10 FORMAT (1X,'KIDS") 
CALL YUMMY 
PRINT 20 
20 FORMAT (1X,"LOLLIPOPS') 
END 


SUBROUTINE YUMMY 
PRINT 10 

10 FORMAT (1X,"SUCK") 
RETURN 
END 


Each routine ends with the word END. The first routine is called the main routine; 
the second routine is called the subroutine, and begins with the word SUBROUTINE; 
I decided to name it YUMMY, so its top line says SUBROUTINE YUMMY. Above the 
word SUBROUTINE, I put a blank line. The blank line is optional; it helps humans 


find where the subroutine begins. 


In the main routine, the top pair of lines makes the computer print: 
KIDS 


The next line says CALL YUMMY, which makes the computer skip down to subroutine 
YUMMY. Subroutine YUMMY makes the computer print— 


SUCK 
and then RETURN to the main routine, which finishes by printing: 
LOLLIPOPS 


Altogether, the program prints: 


KIDS 
SUCK 
LOLLIPOPS 


Notice that line 10 in the main routine is different from line 10 in the subroutine. 
Similarly, an X in the main routine is different from one in the subroutine: 


X=3.4 
CALL FUNNY 
PRIN WH 1030,X 
10 FORMAT (1X,G14.6) 
END 


SUBROUTINE FUNNY 
X=925.1 
Y=X+1.0 
PRINT A0;eY 

10 FORMAT (1X,G14.6) 
RETURN 
END 


The computer will set the main routine's X equal to 3.4. Then it will call FUNNY. The 
X in FUNNY is 925.1, so Y is 926.1, and the computer will print: 


926.100 


When the computer returns to the main routine, it will print the main routine's X, 
which is still: 


5.40000 
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SUBROUTINE LEMON (CX) 
PRINT 100, X 
100 FORMAT (1X,G614.6) 


To pass information from one routine to another, put the information in parentheses: 
X=7.1 
RETURN 


A=5.2 
CALL LEMON(A) 
END 
The computer sets A equal to 5.2. Then it calls LEMON. The A and X in parentheses 


PRINT 10, A 
10 FORMAT (1X,G614.6) 

mean: the main routine's A is the subroutine's X, so the subroutine'’s X is 5.2. 
Line 100 prints: 


END 
5.20000 


The next line changes X to 7.1. When the computer returns to the main routine, 
the main routine's A is the subroutine's X, so the main routine's A is 7.1. Line 10 
prints: 


7.10000 
A harder example: 


P=2.1 
CALL JUNK (P) 
PRINT 1U, P 

10 FORMAT (1X,G614.6) 
END 


SUBROUTINE JUNK (P) 
P=3.0*P 

RETURN 

END 


The computer sets P equal to 2.1 and then calls JUNK. The P in parentheses means: 
the main routine's P is the subroutine's P. The subroutine tripes P, so P becomes 6.3. 
When the computer returns to the main routine, line 10 prints: 


6.30000 


Another example: 


Q=1.4 
CALE FAT (CS .07) 425 oR) 
PRINT 10, R 
10 FORMAT (1X,G14.6) 
END 
SUBROUTINE FAT(X, Y, Z) 


Z=X+Y 
RETURN 
END 


When the main routine calls FAT, the subroutine's X is 5.0; Y is Q+.3, which is 1.7; 
and Zis R, which is undefined. The subroutine sets Z equal to X+Y, which is 6.7. 
When the computer returns to the main routine, the main routine's R is the subroutine's 
Z, which is 6.7. Line 10 prints: 


6.70000 
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In that CALL, you must say 5.0, not 5, since X must be real. Saying 5 will confuse 
the computer and make it print a wrong answer. 
This subroutine finds the sum and average of three real numbers— X, Y, and Z: 


SUBROUTINE STAT(X, Y, Z, SUM, AVERAG) 
SUM=X+Y+Z 

AVERAG=SUM/3.0 

RETURN 

END 


This main routine uses STAT to find the sum and average of 8.1, 2.6, and 9.3: 


CALL STAT(8.1, 2.6, 9.3, SUM, AVERAG) 
PRINT 10, SUM,AVERAG 

10 FORMAT (1X,2614.6) 
END 


This subroutine finds the sum and average of three double precision numbers: 


SUBROUTINE DSTAT(X, Y, Z, SUM, AVERAG) 

DOUBLE PRECISION X, Y, Z, SUM, AVERAG 

SUM=X+Y+Z 

AVERAG=SUM/3D0 
RETURN 

END 


This main routine uses DSTAT to find the sum and average of 7, e, and my phone 
number (2668128): 


DOUBLE PRECISION SUM, AVERAG 
CALL DSTAT(3.1415926535898D0, 2.7182818284590D0, 2668128D0, SUM, 
6AVERAG) 
PRINT 10, SUM, AVERAG 
10 FORMAT (1X,2D22.14) 
END 


You must say DOUBLE PRECISION in both the main routine and the subroutine. 
This subroutine finds the sum and average of X1, Xo, X3, ..., Xu! 


SUBROUTINE STAT2(X, N, SUM, AVERAG) 
DIMENSION X(N) 
SUM=0.0 
DO 10 I=1,N 
SUM=SUM+X (TI) 
10 CONTINUE 
AVERAG=SUM/N 
RETURN 
END 


This main routine uses STAT2 to find the sum and average of 8.4, 9.6, 20.1, 7.2, 
91.5, and’ 3.6: 


DIMENSION X(6) 
DATA X/8.4,9.6,20.1,7.2,91.5,3.6/ 
CALL STAT2(X, 6, SUM, AVERAG) 
PRINT 10, SUM,AVERAG 

10 FORMAT (1X,2614.6) 
END 


You must put the DIMENSION statement in both the main routine and the subroutine. 


In the main routine, the DIMENSION must be a constant (6); in the subroutine, the 
DIMENSION can be a variable (N). 
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This main routine asks you to input some numbers, and then prints their sum 
and average, by using STAT2: 


DIMENSION X(100) 
PRINT 10 
10 FORMAT (1X,"HOW MANY NUMBERS WOULD YOU LIKE TO GIVE ME?') 
READ *, N 
PRINT 20 
20 FORMAT (1X,'TYPE THE NUMBERS") 
READ *, (X(I), I=1,N) 
CALL STAT(X, N, SUM, AVERAG) 
PRINT 10, SUM,AVERAG 
10 FORMAT (1X,"THE SUM IS',G14.6,' AND THE AVERAGE IS',G14.6) 
END 


That DIMENSION statement lets you input up to 100 numbers. 

If a main routine says DIMENSION X(100), and X is passed between the main 
routine and the subroutine, the subroutine's DIMENSION statement must say no more 
than X(100): if the subroutine's DIMENSION statement says X(N), the N must be 
no more than 100. 

For double subscripts, the main routine's DIMENSION statement must be exactly 
the same as the subroutine's. For example, if the main routine says DIMENSION X(25,4), 
the subroutine must say DIMENSION X(25,4) also: it must not say DIMENSION X(20,3); 
if it says DIMENSION X(M,N), the M must be exactly 25. 

The Scientific Subroutine Package (SSP) is a collection of subroutines written by 
IBM that do statistics, calculus, equation-solving, and advanced math. The 
Calcomp subroutines make the computer operate a Calcomp plotter (a device that 
draws fancy shapes on paper, by using a felt-tip or ballpoint pen). Most large 
computers store the SSP and Calcomp subroutines on disk permanently. Ask the 
people in your computer center how to combine your own main routines with those 
subroutines, and how to put your own library of subroutines onto the disk. 

If you and your friends want to write a big program together, divide the problem 
into a main routine and several subroutines, and have each person write one routine. 
Although you'll need a group conference to decide what the SUBROUTINE and CALL 
statements will be, you don't have to agree on the names of variables, since the 
names of subroutine variables have nothing to do with the names of main-routine 
variables. 
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YOUR OWN FUNCTIONS 
Instead of using functions such as SQRT and ABS, you can invent your own functions. 
Here's how to invent a function called F, and how to use the function you've invented: 


A=F (5.2)+1.0 
PRINT 10, A 

10 FORMAT (1X,G14.6) 
END 


FUNCTION F(X) 
F=2.0*X 
RETURN 

END 


The program consists of two routines: the first routine is the main routine; the 
second routine is the definition of the FUNCTION F. Each routine ends with the word 
END. The main routine's top line requires the computer to find F(5.2), so the 
computer hunts for the definition of FUNCTION F. The definition say F is twice 5.2, 
which is 10.4. So A is 11.4. The computer will print: 


11.40000 


Like a subroutine, a function definition can be very long and have many variables 
in parentheses. The function's name can be F or G or any other name, such as MASS. 
If the function's name begins with I, J, K, L, M, or N, the computer will assume its 
value is an integer. If you want the function MASS(X) to be double precision instead 
of an integer, begin your main routine by saying— 


DOUBLE PRECISION MASS 
and begin your function definition with this line: 
DOUBLE PRECISION FUNCTION MASS (CX) 
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FILES 
The computer can write its answers onto a data file: 


A=14.6+75.2 
WRITE(3,10) A 
10 FORMAT (1X,G614.6) 
WRITE (7,20) 
20 FORMAT (1X,'TINA, PLEASE TICKLE MY TUBA") 
END 


Since A is 89.8, the second line makes the computer write 89.8 onto "file 3", using 
line 10's format. The next pair of lines make the computer write onto "file 7", 
using line 20's format; so the computer will write TINA, PLEASE TICKLE MY TUBA 
onto file 7. 

Before running that program, tell the computer where to put files 3 and 7. You 
can make the computer put them on a disk, line printer, tape, terminal, or wherever 
else you please. Ask the people in your computer center how to tell the computer 
where to put the files. 

If your program has many statements saying to write onto file 3, the computer 
will write many lines onto file 3, so the file will become long. 

Use carriage controls only if the file is on a line printer or terminal. 

If you say— ; 


READ(4,30) X 


the computer will read the value of X from file 4, using line 30's format. If you say 
file 4 is the card reader, the computer will wait for you to feed in a card; if you 
say file 4 is your terminal, the computer will wait for you to type on the terminal; 
if you say file 4 is on a tape or disk, the computer will assume you created the file 
before running the program. 

For handling files, the word READ works even on PDP computers. 

For PDP-10 and PDP-20 computers, here's how to make file 3 be on disk and 
named JOE...Near the beginning of your program, say: 


OPENCUNIT=3, DEVICE='DSK', FILE="JOE.') 
Near the end of your program, say: 
CLOSE CUNIT=3) 
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WHAT'S COBOL? 
Like BASIC, FORTRAN, and PASCAL, COBOL is a computer language. "COBOL" 
is pronounced "koe ball" and stands for "COmmon Business Oriented Language". 

COBOL solves business problems that involve /arge files of data. Therefore, 
COBOL is most popular in businesses that have maxicomputers. But today, 
you can use COBOL even on minicomputers and microcomputers. 

In the "help wanted" section of your local newspaper, many ads that say 
"programmer wanted" are placed by businesses that have maxicomputers and 
use COBOL. To get a job through the "help wanted" section, a knowledge of 
COBOL will help you more than PASCAL or FORTRAN. 


ea | 
a 
eke 
ed 
Loe 
S © 
O 

Ou 
Te 
LU 4 
= 
Zs 
O 


13 
PUT | 

‘t 
fi 


(58) 


The first version of COBOL was called COBOL 60, because it was invented in 
1960. Then came COBOL 61, COBOL 65, COBOL 68, COBOL 74, and COBOL 85. 
Today, most computers still use COBOL 74 or a variation of it. This chapter 
explains how to write COBOL programs that work on most computers. 

During the 1960's and early 1970's, COBOL programmers used a style called 
"easy programming". Today, most COBOL programmers use a more sophisticated 
style, called "structured programming". This chapter explains structured 
programming. Though it's harder to learn than easy programming, it will make 
your boss kiss you. 
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SIMPLE PROGRAMS 
Every COBOL program is written as an outline. Here's a short outline; to turn 
it into a COBOL program, just fill in the blanks: 


IDENTIFICATION DIVISION. 
PROGRAM-ID. 

The program's name. 
AUTHOR. 

Your name. 


ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
SOURCE-COMPUTER. 

The computer's name. 
OBJECT-COMPUTER. 

The computer's name agatn. 


DATA DIVISION. 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
What you want the computer to do. 


STOP RUN. 
For example, here's a COBOL program I wrote: 
Program Reason 
IDENTIFICATION DIVISION. 
PROGRAM-ID. 
HARRY. The program's name is HARRY. 
AUTHOR. 
RUSS WALTER. My name is Russ Walter. 


ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
SOURCE-COMPUTER. 
DECSYSTEM-20. My computer is a DECsystem-20 (which is a PDP-20). 
OBJECT-COMPUTER. 
DECSY STEM-2G; 


DATA DIVISION. 


PROCEDURE DIVISION. 

MAIN-ROUTINE. 
DISPLAY "LIFE STINKS". I want the computer to print "LIFE STINKS". 
STOP RUN. 


When I run that program, the computer will print: 
LIFE STINKS 


Every COBOL program consists of four parts. The first part of the program is 
called the IDENTIFICATION DIVISION: it includes the program's name and the 
programmer's name. The second part of the program is called the ENVIRONMENT 
DIVISION: it includes the computer's name. The third part of the program is 
called the DATA DIVISION; for a simple program, the DATA DIVISION is blank. 
The fourth part of the program is the PROCEDURE DIVISION: it says what you 
want the computer to do. 

The order is important: the IDENTIFICATION DIVISION must come first, then 
the ENVIRONMENT DIVISION, then the DATA DIVISION, and finally the PROCEDURE 
DIVISION. So to become an expert COBOL programmer, you must memorize: 
"IDENTIFICATION, ENVIRONMENT, DATA, PROCEDURE". 
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To memorize that easily, memorize this easy sentence: "I enjoy data processing". 
In that sentence, the words begin with the letters "I E D P"— and so do the four 
COBOL divisions. 

In the program, each blank that you fill is called a paragraph. In the first 
paragraph, write the program's name; in the next paragraph, write your own 
name; in the next two paragraphs, write the computer's name; and in the last 
paragraph, write what you want the computer to do. The first paragraph is called 
the PROGRAM-ID; the next paragraph is called the AUTHOR; the next two paragraphs 
are called the SOURCE-COMPUTER and the OBJECT-COMPUTER;; and the last 
paragraph is called the MAIN-ROUTINE. 

Each paragraph is indented. To indent on PDP and Eclipse computers, type a 
controlled I. 

In COBOL, the only important punctuation mark is the period. When writing a 
simple program, put a period at the end of each line. COBOL never requires 
commas or semicolons. 

Don't forget the hyphens! Put a hyphen in PROGRAM-ID, SOURCE-COMPUTER, 
OBJECT-COMPUTER, and MAIN-ROUTINE. 

Use correct spacing: 


Right Wrong Wrong Wrong 
DISPLAY ''BURP"'. DIS PLAY ''BURP"'. DISPLAY''BURP". DISPLAY ''BURP" . 


In the paragraphs that are called SOURCE-COMPUTER and OBJECT-COMPUTER, 


you must type the computer's name correctly. Here are the correct names for some 
famous computers: 


IBM-360. 

IBM-370. 

PDP-11. 

DECSYSTEM-10. (It means you have a PDP-10.) 
DECSYSTEM-20. (It means you have a POP-20.) 
ECLIPSE C300. 


6600. (It means you have a CDC 6600.) 
Don't forget the hyphens! 


Old-fashioned computers 
On IBM computers, instead of using quotation marks, you must use apostrophes: 


Most computers IBM computers 
DISPLAY "'LIFE STINKS". DISPLAY 'LIFE STINKS'. 


On IBM and CDC computers, you must indent the entire program, like this 
(each H represents a blank space): 


7 bkanks 8th column 


BEBRRERIDENTIFICATION DIVISION. 
BHERREBPROGRAM-ID. 
BEGSHRRRRBBHARRY. 
BRRRRERAUTHOR. . 

BERBER RBRBBRUSS WALTER. 
Saaw, 


BRE Ene Wate oa! Hele co-buinn 
11 banks 


On those computers, each paragraph begins in column 12, and must not go farther 
to the right than column 72. (The computer ignores everything in columns 73-80.) 
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Try it 
Go ahead: try writing your own COBOL program. In the PROCEDURE DIVISION, 
remember to say DISPLAY: 


BASIC FORTRAN PASCAL 
10 PRINT "LIFE STINKS" PRINT 10 WRITELNC('LIFE STINKS"); 
10 FORMAT (1X,'LIFE STINKS") 


COBOL 
DISPLAY "LIFE STINKS". 


ABRIDGMENTS 
If you're lazy, you can omit the AUTHOR paragraph: 


Complete IDENTIFICATION DIVISION Abridged IDENTIFICATION DIVISION 


IDENTIFICATION DIVISION. IDENTIFICATION DIVISION. 
PROGRAM-ID. PROGRAM-ID. 

HARRY . HARRY . 
AUTHOR. 


RUSS WALTER. 


If you're lazy, and you're using a PDP-10, PDP-20, Eclipse, or IBM computer, 
you can omit the CONFIGURATION SECTION, SOURCE-COMPUTER, and 
OBJECT-COMPUTER: 


Complete ENVIRONMENT DIVISION Abridged ENVIRONMENT DIVISION 
ENVIRONMENT DIVISION. ENVIRONMENT DIVISION. 


CONFIGURATION SECTION. 
SOURCE-COMPUTER. 

The computer's name. 
OBJECT-COMPUTER. 

The computer's name. 


If you're very lazy, and you're using a PDP-10 or PDP-20 computer, you can 
abridge the program even further, so that the entire program looks like this: 


IDENTIFICATION DIVISION. 
PROCEDURE DIVISION. 
DISPLAY.“ CIEE=S.INKom. 
STOP RUN. 


But if you're working for a big company, your employer will expect you to not 
be lazy: if you're lazy, you get fired! 


FANCY DISPLAYS 
You've seen that every COBOL program consists of four divisions: IDENTIFICATION, 
ENVIRONMENT, DATA, and PROCEDURE. The most important division is the 
PROCEDURE DIVISION. Let's look at it more closely. 
Here's a cute PROCEDURE DIVISION: 


PROCEDURE DIVISION. 

MAIN-ROUTINE. 
DISPLAY "BILLIE AND BONNIE". 
DISPLAY ''BURP" 


STOP RUN. cp 
It makes the computer display: 
BILLIE AND BONNIE cS 


BURP 


S 
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Another example: 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
BESPCAY Sr PU. SSHED 
STOP RUN. 


The computer will display FLU and SHED on the same line: 
FLUSHED 


PERFORM 
Let's make the computer display "I LOVE YOU", then display "I HATE YOU" six 


times, then display "I AM CONFUSED", like this: 


I LOVE YOU 
<= 


HATE YOU 


HATE YOU 
HATE YOU 
HATE YOU 
HATE YOU 
HATE YOU 
AM CONFUSED 


Here's the PROCEDURE DIVISION: 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
DISPLAY "I LOVE YOU". 
PERFORM EXPRESS-THE-HATRED 6 TIMES. 
DISPLAY "I AM CONFUSED". 
STOP RUN. 
EXPRESS-THE-HATRED. 
DISPLAY "I HATE YOU". 


The PROCEDURE DIVISION consists of two paragraphs: the first paragraph is 
called the MAIN-ROUTINE; the second paragraph is called EXPRESS-THE-HATRED. 
The computer obeys the first paragraph: it displays "I LOVE YOU", then 
performs the EXPRESS-THE-HATRED 6 times, then displays "I AM CONFUSED", and 
finally stops. 
When you invent your own PROCEDURE DIVISION, the first paragraph should 
be called the MAIN-ROUTINE; for the other paragraphs underneath, invent whatever 
names you like (such as EXPRESS-THE-HATRED). A paragraph's name should be 
hyphenated, and should contain no more than 30 characters. (EXPRESS-THE-HATRED 
contains 18 characters, so it's okay.) The first paragraph is the main routine, 
the paragraphs underneath are subroutines. The bottom line of the main routine 
should say STOP RUN. In the middle of the main routine, you should say to 
PERFORM the subroutines. 
In the example above, the main routine says to PERFORM the EXPRESS-THE-HATRED 
subroutine 6 times. If you'd like to see more hatred, say 100 times instead of 6: 


PERFORM EXPRESS-THE-HATRED 100 TIMES. 

If you'd rather see just a //ttle hatred, say just— 
PERFORM EXPRESS-THE-HATRED 1 TIMES. 

or say just: 
PERFORM EXPRESS-THE-HATRED. 


Le A oe ee | 
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Let's make the computer display: 


I KNOW THAT 

YOU ARE DRIVING 
ME CRAZY 

YOU ARE DRIVING 
ME CRAZY 

YOU ARE DRIVING 
ME CRAZY 

YOU ARE DRIVING 
ME CRAZY 

YOU ARE DRIVING 
ME CRAZY 

AND YET I LOVE YOU 


Here's the PROCEDURE DIVISION: 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
DISPLAY "I KNOW THAT". 
PERFORM ACT-AS-IF-GOING-INSANE 5 TIMES. 
DISPLAY "AND YET I LOVE YOU". 
STOP RUN. 
ACT-AS-IF-GOING-INSANE. 
DISPLAY ''YOU ARE DRIVING". 
DISPLAY "ME CRAZY". 


Let's make the computer display: 


THE ASTRONAUTS GO 
UP 


4. 


UP 

AND THEN THEY COME 
DOWN 

DOWN 

DOWN 

DOWN 

DOWN 

DOWN 

DOWN 


Here's the PROCEDURE DIVISION: 


PROCEDURE DIVISION. 

MAIN-ROUTINE. 
DISPLAY '"'THE ASTRONAUTS GO". 
PERFORM SHOW-THE-ASTRONAUTS-RISING 7 TIMES. 
DISPLAY '"'AND THEN THEY COME". 
PERFORM SHOW-THE-ASTRONAUTS-FALLING 7 TIMES. 
STOP RUN. 

SHOW-THE-ASTRONAUTS-RISING. 
DISPLAYs’ UP". 

SHOW-THE-ASTRONAUTS-FALLING. 
DISPLAY ''DOWN". 
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Let's make the computer display: 
YOU ARE VERY SWEET 


HA-HA-HA ! 
HO-HO-HO! 


YOU CANNOT BE BEAT 


HA-HA-HA ! 
HO-HO-HO! 


YOUR LIPS ARE LIKE WINE 


HA-HA-HA! 
HO-HO-HO! 


BUT YOU SMELL LIKE TURPENTINE 


HA-HA-HA! 
HO-HO-HO! 
YOU STINK! 


Here's the PROCEDURE DIVISION: 
PROCEDURE DIVISION. 


MAIN-ROUTINE. 
DISPLAY 
PERFORM 
DISPLAY 
PERFORM 
DISPLAY 
PERFORM 
DISPLAY 
PERFORM 
DISPLAY 


"YOU ARE VERY SWEET". 
LAUGH-A-LOT. 


"YOU CANNOT BE BEAT". — 


LAUGH-A-LOT. 


"YOUR LIPS ARE LIKE WINE". 


LAUGH-A-LOT. 


"BUT YOU SMELL LIKE TURPENTINE". 


LAUGH-A-LOT. 
“YOU; STINK!"'. 


STOP RUN. 


LAUGH-A-LOT. 
DISPLAY 
DISPLAY 


"HA-HA-HA!''. 
SHO-HOSHOL 
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VARALARLES 


STRING VARIABLES 
Like BASIC, FORTRAN, and PASCAL, COBOL lets you use variables. The name 
of a variable can be a letter (like X or Y) or a hyphenated phrase (like 
NUMBER-OF-BULLIES-I-SQUIRTED). A hyphenated phrase can have up to 30 
characters. 
To use a variable, you must describe it in the data division, as in this example: 


IDENTIFICATION DIVISION. 
PROGRAM-ID. 
JUNK. 
AUTHOR. 
RUSS WALTER. Instead of "RUSS WALTER", write your own name. 


ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
SOURCE-COMPUTER. 
DECSYSTEM-20. Instead of "DECSYSTEM-20", write your own computer's na 
OBJECT-COMPUTER. 
DECSYSTEM-20. 


DATA DIVISION. 
WORKING-STORAGE SECTION. In the DATA DIVISION, you must say WORKING-STORAGE SECT 
01 K PICTURE IS XXX. 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
MOVE "HER" TO K. 
DISRPAY weeds ~ Kxas‘'. 
STOP RUN. 


In the DATA DIVISION's WORKING-STORAGE SECTION, the "01 K" says K is 

a variable. The PICTURE IS XXX says K is a string that has three characters; each 

X stands for a character. In the PROCEDURE DIVISION, the first sentence makes K 
become this 3-character string: "HER". The next sentence makes the computer display 


PUSHERS 


When you type that program, make sure you put a hyphen between WORKING and 
STORAGE. If you forget the hyphen, the computer will act crazy, and will say that 


your program contains many, many errors. 
Suppose you change the picture from XXX to XX, so that the DATA DIVISION 
and PROCEDURE DIVISION look like this: 


DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 Ke PICTURE FS uXx. 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
MOVE "HER" TO K. 
DISPLAYS = PUS\ Kec S™ 2 
STOP RUN. 


K will be a string having only two characters. When the computer tries to move 
"HER" to K, only the first two characters of "HER" will fit, so K will be "HE". 
The computer will display: 


PUSHES 
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Suppose you change the picture to XXXX. K will have four characters. When 
the computer tries to move "HER" to K, it needs to move a fourth character also, 
so it moves a blank space at the end, which makes K be "HER ". The computer will 
display: 


PUSHER S 


This program shows how revolutionary politics leads to revolutionary clothing: 


DATA DIVISION. 

WORKING-STORAGE SECTION. 

01 FIRST-PRESIDENT PICTURE IS XXXXXXXXXX. 
01 CLEANING-METHOD PICTURE IS XXXX. 


PROCEDURE DIVISION. 

MAIN-ROUTINE. 
MOVE "WASHINGTON" TO FIRST-PRESIDENT. 
MOVE FIRST-PRESIDENT TO CLEANING-METHOD. 
DISPLAY CLEANING-METHOD "' MY BLUE JEANS". 
STOP RUN. 


Above the DATA DIVISION, write your own IDENTIFICATION DIVISION and 
ENVIRONMENT DIVISION. The DATA DIVISION says FIRST-PRESIDENT will 

be a string having ten characters, and CLEANING-METHOD will be a string 
having four. The first sentence of the MAIN-ROUTINE makes FIRST-PRESIDENT 
be "WASHINGTON". The next sentence tries to move "WASHINGTON" to 
CLEANING-METHOD; but because of CLEANING-METHOD's picture, the computer 
moves "WASH" instead. The computer will display: 


WASH MY BLUE JEANS 
To make sure you understand the word MOVE, examine this example: 


DATA DIVISION. 

WORKING-STORAGE SECTION. 
01 C.<PLICTURE «IS °XXX.. 
01 D PICTURE IS XXX. 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 


MOVE’ CAT TOnC. C becomes "CAT". 

MOVE C TO D. D becomes "CAT". 

DISPLAY C. Since C 48 StLLL "CAT", the computer displays "CAT". 
MOVE "HE" 70.C. C becomes "HE ". 

DISPLAY C "BLED". The computer displays "HE BLED". 

STOP RUN. 


COBOL allows abbreviations. You can say PIC instead of PICTURE IS, and X(7) 
instead of XXXXXXX. 
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NUMERIC VARIABLES 
Let's make the computer add 53 and 4, and display the sum, 57. Here's how: 


DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 eae Vee 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
COMPUTE K = 53 + 4. 
DISPLAY K. 
STOP RUN. 


The PIC 99 says K is a number having two digits. (Each 9 stands for a digit.) The 
MAIN-ROUTINE sets K equal to 53 + 4, which is 57. The computer will display: 


=] ¢ 


In the COMPUTE statement, the equal sign and the plus sign must be surrounded 
by spaces: 


Right Wrong Wrong 
COMPUTE K = 53 + 4. COMPUTE K=53+4. COMPUTE K = 53+4. 


If you change the picture to 999, K will be a number having three digits. It 
will be 057 instead of 57. The computer will display: 


O57 


(Exception: PDP-10 and PDP-20 computers are lazy; they don't bother to display 
the 0 at the left; they display just 57.) 

If you change the picture to 9, K will be a number having only one digit. So K 
will not be 57. The computer will not display the correct sum. 

Like FORTRAN, COBOL uses these operators: 


Operator Meaning 
plus 


+ 

> minus 

* times 

H divided by 
** exponent 


You must put a blank space before and after each operator: 


Right Wrong 
53 +4 53+4 
Vaickes 2 (xx2 
ae A fg 5005) real ete he 


Like BASIC, FORTRAN, and PASCAL, COBOL lets you use parentheses. 
Do not put a space after a left parenthesis: 


Right 
COMPUTE K-="io*  (-.J 7485) 


You can use these short cuts: 


Sentence Short cut 
COMPUTE A =A + 7%. ADD 7 TO A. 
COMPUTE B = B —- 4, SUBTRACT 4 FROM B. 
Operators are allowed only in sentences that say COMPUTE, IF, UNTIL, or WHEN: 
Allowed Not allowed Not allowed Not allowed 
COMPUTE A = 2 x 3. DISPLAY 2° x 5- MOVED 2043 VTOr A. ADD 2 * 3 TO A. 


(68) 


DECIMALS 
You can use decimals: 


DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 Ro PiCay77oV 99. 


PROCEDURE DIVISION. 

MAIN-ROUTINE. 
COMPUTE K = 2.208 + 4.109. 
DISPLAY K. 
STOP RUN. 


The PIC 9999V99 says K is a number having four digits, followed by a decimal point, 
followed by two digits. (The V stands for the decimal point.) The MAIN-ROUTINE 
tries to set K equal to 2.208 + 4.109, which is 6.317; but because of K's picture, 

I will be 0006.31 instead. So the computer should display 0006.31. 

PDP-10 and PDP-20 computers don't bother to display the zeros: they display 6.31. 
PDP-11, IBM, CDC, and Eclipse computers don't bother to display the decimal point: 
they display 000631. 

You can change that program by saying ROUNDED: 


COMPUTE K ROUNDED = 2.208 + 4.109. 


The computer will find the sum (6.317), and round it so K is 0006. 32 instead of 
0006. 31. 

If J's picture is 99, saying "COMPUTE J = 200 / 3" makes J be 66. Saying 
"COMPUTE J ROUNDED = 200 / 3" makes J be 67. 

Which is better: saying "COMPUTE X = 4.9" or "MOVE 4.9 TO X"? You should 
usually say "MOVE 4.9 TO X", because the computer handles it more quickly. 
But MOVE cannot round; so if you want to round, say COMPUTE. 

MOVE can do strange things: 


DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 DuPEC 29999: 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
MOVE 16725.048 TO L. 
DISPLAY L. 
STOP RUN. 


L's picture makes the computer move the three digits just left of the decimal point 
and the two digits just right of it. L will be 725.04. 
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NEGATIVES 
You can use negative numbers: 


DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 K PIC S9999. 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
COMPUTE K = 100 - 36/7. 
DISPLAY K. 
STOP RUN. 


In K's picture, the S stands for a sign (which can be plus or minus). K will be 
-0267. The computer should display -0267. 

PDP-10 and PDP-20 computers don't bother to display the zero: they display 
-267. Some other computers display the minus sign on top of the right digit, like 
this: 0267. On most computers, the minus combines with the 7 and forms a P, 
like this: 026P. 

If you omit the S from K's picture, K will be 0267 instead of -0267. 

To find the negative of a power, use parentheses: 


COMPUTE A = — (3 xx 2). 
If you omit the parentheses, the computer will get the wrong answer. 
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ACCEPT 
Here's how to translate the BASIC word /NPUT into FORTRAN, PASCAL, and COBOL: 


BASIC FORTRAN PASCAL COBOL 
INPUT K READ *, K READ (K); ACCEPT K. 


Let's look at a COBOL example: 


DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 K PIC XXX. 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
DISPLAY "THIS PROGRAM WANTS YOU TO TYPE SOMETHING". 
ACCEPT K. 
DISPLAY K. 
STOP RUN. 


The computer displays: 
THIS PROGRAM WANTS YOU TO TYPE SOMETHING 


The statement ACCEPT K makes the computer wait for you to type something. If 
you type— 
FIGHT 


the computer will try to move "FIGHT" to K; but since K's picture is XXX, K will 
be "FIG". The computer will display: 


FIG 
If you type— 
ME 


the computer will try to move "ME" to K; since K's picture is XXX, K will be "ME ". 
The computer will display: 


ME 
Suppose a program says L PIC 999 and ACCEPT L. If you input— 
4 


a PDP-10 or PDP-20 computer will make L be 004, but an IBM or CDC computer 
will make L be 400. 

Suppose a program says M PIC S$9999V99 and ACCEPT M. If you want M to be 
-0034.27, here's what to input: 


On PDP-10 and PDP-20 computers On IBM and CDC computers 
-0034.27 OA -34.27 003427 
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EDITING 
The computer can edit the output: 


DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 K PIC XXXBXXX. 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
MOVE "HITHER" TO K. 
DISPLAY K. 
STOP RUN. 


In K's picture, B means a blank space. So when the computer moves "HITHER", 
K becomes "HIT HER". The computer will display: 


HIT HER 
This program displays my phone number: 


DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 PHONE-NUMBER PIC 99989999. 


PROCEDURE DIVISION. 

MAIN-ROUTINE. 
MOVE 2668128 TO PHONE-NUMBER. 
DISPLAY PHONE-NUMBER. ~ 
STOP RUN. 


When the computer moves 2668128, PHONE-NUMBER becomes "266 8128". The 
computer will display: 


266 8128 
This program is of historical importance: 


DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 K PIC 9B9B9999. 


PROCEDURE DIVISION. 

MAIN-ROUTINE. 
COMPUTE K = 741775 + 1. 
DISPLAY "THE DECLARATION OF INDEPENDENCE WAS SIGNED ON " K. 
STOP RUN. 


The computer will display: 
THE DECLARATION OF INDEPENDENCE WAS SIGNED ON 7 4 1776 


Using B to insert a blank is called editing. You've learned about four kinds 
of variables: 


Kind of variable Symbols in picture 
X 


string 

edited string X 
number 9 
edited number 9 


W< W 


S) 
ZL 7S freee DB CR 
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You can use these pictures for editing numbers: 


What K will be if What K will be if 


K's picture Meaning you move 50320 to K you move 0 to K 
B99999999 a blank followed by eight digits " 00050320" '" 00000000" 
pei 7 2222 blanks then digits a 50320" a " 
PoOLLe, Liz insert commas where appropriate '" 50,320" . 4 
$,$$$ ,$$$ put a dollar sign before the digits '' $50,320" . 4 
k KKK KKK put asterisks instead of blanks "kk*k50,320" "ok KM! 


To edit decimals, put a decimal point in the picture. 


K's picture If you move 50320.6 to K If you move .04 to K_ If you move 0 to K 
Ey A Ey i SOFS20 60"! " ~04" D D 
$,$$$,5$$.$$ '' $50,320.60" $.04" " " 
k KKK KKK KK  ''kKKK5D,320.60"' "KkKKKKKKK O04" "KKKKKKKKK kK" 


With those pictures, if you move 0 to K the computer doesn't put any digits in K. 
To guarantee that K contains a digit, put 9 in the picture: 


K's picture If you move 50320.6 to K If you move .04 to K_ If you move 0 to K 
fee £19.99 «© 6°. 50,520.60"! n 0.04" ‘ 0.00" 
Spee, 229.99 " $50,320.60" i. $0.04" $0.00" 
KKK ,KKILOID «= '"'k*k*k50,320.60"' "KKEKKKKKKD O04" "KKKKKKKK)D. OO" 

To edit negative numbers, use +, -, DB, or CR. 
K's picture Meaning If you move -2.6 to K If move 2.6 to K 
aN put - or + afterwards ere eo0su pete toor 
Fo ET ST la put - or blank afterwards Hie Tage e |B pe vapors 
ZZZ.ZZDB if negative, put DB (for debit) eee FOUDE. eae ON fo 
Be2.ZZCR if negative, put CR (for cred/t) osc eOUCR rc. OU man 


For fancier pictures, replace the Z by $, *, or 9. 
Here's how to put the sign before the digits: 


K's picture Meaning If you move -2.6 to K If move 2.6 to K 
ett i++ put - or + before the digits irc noug ea h2ekeo" 
—— put - or blank before the digits wi OeOuy ie OU 


Here are the differences between numbers and edited numbers: 


Number Edited number 
how to put a decimal point in the picture V 
how to put a sign in the picture S tyt DB Sor.CR 
how to fill up most of the picture 9 eee Or — 


what the value should be 


If the variable is called K, 
can you say ACCEPT K? 


If the variable is called K, can you use 
K in further computations? For example, 
can you say COMPUTE L = K + 1? 


What happens if you try to DISPLAY 
the value? 


an intermediate result 
in a long calculation 


yes 


yes 


might display the zeros, 
decimal point, and 
minus sign incorrectly 
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no 


no 


the final answer 
to be displayed 


displays correctly 


Modern BASIC: 


FORTRAN 77: 


PASCAL: 


COBOL: 


‘LOsiIC 


Like BASIC, FORTRAN, and PASCAL, COBOL uses the words IF and ELSE. 


INPUT <I 
IF I>5 THEN J=80: K=90 


READ x, I 

Tha Clots G hate CHEN 
J=80 
K=90 

END IF 


READ(I); 

IF I>5 THEN 
BEGIN; 
J:=80; 
K:=90; 
END; 


ACCERT Ez 

i OPES 
MOVE 80 TO J 
MOVE 90 TO K. 


INPUT I 


IF I>5 THEN J=80: K=90 ELSE J=30: K=50 


READ *, I 
IF CT GT... 150.c0HEN 
J=80 
K=90 
ELSE 
J=30 
K=50 
END IF 


READ(I); 

IF I>5 THEN 
BEGIN; 
J:=80; 
K:=90; 
END 

ELSE 
BEGIN; 
J:=30; 
K:=50; 
END; 


ACCEPT 
TRoIe2t5 
MOVE 80 TO J 
MOVE 90 TO K 
ELSE 
MOVE 30 TO J 
MOVE 50 TO K. 


In COBOL, when you write the IF statement, do not put a period at the end 
of every line; instead, put the period just at the end of the entire IF idea. 

Notice that I indented the word MOVE. The indentation is optional, but is 
a good habit. To indent on PDP and Eclipse computers, type a controlled I; to 
indent on IBM and CDC computers, press the space bar several times. 

COBOL uses these IF lines: 


Meaning 
If I is equal to 5 
If I is not equal to 5 


If I is greater than 5 


If I is not greater than 5 


If I is less than 5 
If I is not less than 5 


You can use the words AND and OR and abbreviate: 


IF line 

Thi S——5 

IF I NOT = 5 
Tet> 5 

EF MIENOT? > 85 
TEeie< 5 
TEMIENOT <5 
IF line 

IF J > 1 AND 


J 
ihe Ke co SeORSK 
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< 


R K'= 9 OR K'= 12 OR K=>) 50 


Abbreviation 
LF J°SFIe AND < 100 


IF K <°s3 OR, = 6/0R 9 ORD 2e0Rs oe 


You can say this: 


att mye ea Be 

DISPLAY “CHILD” 
ELSE IF AGE < 20 

DISPLAY "TEENAGER" 
ELSE IF AGE < 40 

DISPLAY "YOUNG ADULT" 
ELSE IF AGE < 60 

DISPLAY '"'MIDDLE-AGED" 
ELSE 

DISPLAY "SENIOR CITIZEN". 


It means, "If AGE is less than 13, display the word CHILD; if not less than 13, do 
the following: if AGE is less than 20, display the word TEENAGER;; if not less than 
20, do the following: if AGE is less than 40,..." and so on. The computer will 
display just one phrase, to describe the person's AGE. 
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UNTIL 
You can say UNTIL: 


DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 Lee Cmy ao. 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
MOVE 5 TO I. 
PERFORM FIDDLE-WITH-I UNTIL I > 100. 
STOP RUN. 
FIDDLE-WITH-I. 
DISPLAY I. 
COMPUTE I =I * 2. 


The computer will perform FIDDLE-WITH-I repeatedly, until I > 100. The computer 
will display 5, 10, 20, 40, and 80. It will not display 160. 

Here are the details. When the computer encounters PERFORM FIDDLE-WITH- J 
UNTIL I > 100, it checks whether I > 100. If I > 100, the computer proceeds to the 
next statement (the STOP RUN); but if I is not greater than 100, the computer 
performs FIDDLE-WITH-I and then re-executes the statement PERFORM FIDDLE-WITH-I 
UNTIL I > 100. 

To translate a BASIC "FOR...NEXT loop" into COBOL, say "PERFORM": 


BASIC COBOL 
10° FORS I = 5°10M'7 PROCEDURE DIVISION. 
20 PRINT 3 MAIN-ROUTINE. 
30 NEXT I PERFORM DISPLAY-IT 
VARYING I FROM 5 BY 1 UNTIL I > 17. 
STOP RUN. 
DISPLAY~-IT. 
DISPLAY I. 
10 FOR I = 5 TO 17 STEP 3. PROCEDURE DIVISION. 
20 PRINT I MAIN-ROUTINE. 
30 NEXT I PERFORM DISPLAY-IT 
VARYING I FROM 5 BY 3 UNTIL I > 17. 
STOP RUN. 
DISPLAY-IT. 
DISPLAY I. 
POCEOR LG Oo. -LOnag PROCEDURE DIVISION. 
20 FOR J -=>1--10 2a MAIN-ROUTINE. 
30 PRINT I,J PERFORM DISPLAY-IT 
40 NEXT J VARYING I FROM 5 BY 1 UNTIL I > 17 
20 NEXT I AETERAIs-EFROMSisbyY 1 UNTIL J > 3. 
STOP RUN. 
DISPLAY-IT. 
DISPCAMer J. 


(76) 


GO TO 
Like BASIC, FORTRAN, and PASCAL, COBOL lets you say GO TO. In COBOL, 
put a space between GO and TO. (In PASCAL, you do not put a space between 
GO and TO.) 


For example, instead of saying STOP RUN, you can say GO TO MAIN-ROUTINE: 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
DISPLAY ''WHEATIES". 
DISPLAY "ARE WONDERFUL". 
GO TO MAIN-ROUTINE. 


The computer will display "WHEATIES" and "ARE WONDERFUL", repeatedly: 


WHEATIES 

ARE WONDERFUL 
WHEATIES 

ARE WONDERFUL 
WHEATIES 

ARE WONDERFUL 
etc. 


The main routine can consist of two paragraphs, called MAIN-ROUTINE-BEGINNING 
and MAIN-ROUTINE-LOOP: 


PROCEDURE DIVISION. 
MAIN-ROUT INE-BEGINNING. 

DISPLAY SPEEASEREF: 
MAIN-ROUTINE-LOOP. 

DISPLAY ‘KISS". 

DISPLAY ''ME"’. 

GO TO MAIN-ROUTINE-LOOP. 


The computer will display PLEASE, then repeatedly display KISS and ME: 


PLEASE 
KISS 
ME 
KISS 
ME 
KISS 
ME 

etc. 


i 


| 


\ i | 
R07 | 
S ? it 
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The main routine can consist of three paragraphs, called MAIN-ROUTINE-BEGINNING, 
MAIN-ROUTINE-LOOP, and MAIN-ROUTINE-ENDING: 


DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 HUMAN-RESPONSE PIC XXX. 


PROCEDURE DIVISION. 
MAIN-ROUT INE-BEGINNING. 

DISPLAY 'I WILL RECITE A SHORT POEM". 
MAIN-ROUTINE-LOOP. 

DISPLAY 2. s 

DISPLAY "YOUR NOSE". 

DISPLAY ''BLOWS". 

DISPEAY Ss 

DISPLAY "WOULD YOU LIKE TO HEAR THE POEM AGAIN?". 

ACCEPT HUMAN-RESPONSE. 

IF HUMAN-RESPONSE = "YES" 

GO TO MAIN-ROUTINE-LOOP. 

MAIN-ROUTINE-ENDING. 

DISPLAY "YOU HAVE BEEN A GREAT AUDIENCE". 

STOP RUN. 


When you run that program, the computer says: 
I WILL RECITE A SHORT POEM 
Then it recites the program: 


YOUR NOSE 
BLOWS 


Then it asks: 
WOULD YOU LIKE TO HEAR THE POEM AGAIN? 


If you say YES, the computer repeats the poem, and then asks you whether you'd 
like to hear it a third time. If you say YES again, the computer recites the poem 

a third time, and then asks whether you'd like to hear it a fourth time. The computer 
recites the poem repeatedly, until you finally stop saying YES. Then the 

computer says— 


YOU HAVE BEEN A GREAT AUDIENCE 


and stops. 
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In that program, if you don't say YES, the computer doesn't repeat the poem. 
So if you don't say YES, the computer acts as if you said NO. The following version 
is an improvement; if you don't say YES, and you don't say NO, the computer 
asks the question again: 


DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 HUMAN-RESPONSE PIC XXX. 


PROCEDURE DIVISION. 
MAIN-ROUTINE-BEGINNING. 
DISPLAY "I WILL RECITE A SHORT POEM". 
MAIN-ROUTINE-LOOP. 
DESPA YE #'2"5 
DISPLAY "YOUR NOSE". 
DISPLAY "BLOWS". 
DESPEAYG ©". 
oo PERFORM GET-HUMAN-RESPONSE. 
IF HUMAN-RESPONSE = "YES" 
GO TO MAIN-ROUTINE-LOOP. 
MAIN-ROUTINE-ENDING. 
DISPLAY "YOU HAVE BEEN A GREAT AUDIENCE". 
STOP RUN. 
++GET-HUMAN-RESPONSE. 
DISPLAY "WOULD YOU LIKE TO HEAR THE POEM AGAIN?"'. 
ACCEPT HUMAN-RESPONSE. 
IF HUMAN-RESPONSE NOT = "'YES' AND NOT = "NO"! 
DISPLAY "PLEASE SAY YES OR NO!" 
GO TO GET-HUMAN-RESPONSE. 


GO TO resembles PERFORM. Here's the difference between GO TO and PERFORM.... 

To go to a different routine, say PERFORM. To go to a different paragraph 
in the same routine, say GO TO. 

For example, suppose you want to go from MAIN-ROUTINE-BEGINNING to 
FUNNY-SUBROUTINE; since you're going to a different routine, say PERFORM. 

Suppose you want to go from MAIN-ROUTINE-BEGINNING to MAIN-ROUTINE-ENDING; 
since you're going to a different paragraph in the same routine, say GO TO. 


perures 


THRU 
Like the main routine, a subroutine can consist of several paragraphs. For example, 
Subroutine FUNNY-FACE can consist of three paragraphs, called 
FUNNY-FACE-BEGINNING, FUNNY-FACE-LOOP, and FUNNY-FACE-ENDING. 
To make the computer do the entire subroutine, say: 


PERFORM FUNNY-FACE-BEGINNING THRU FUNNY-FACE-ENDING. 
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STRUCTURES 


FILES 
To manipulate a file whose name is POEM, fill in the blanks: 


IDENTIFICATION DIVISION. 
PROGRAM-ID. 

The program's name. 
AUTHOR. 

Your name. 


ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
SOURCE-COMPUTER. 
The computer's name. 
OBJECT-COMPUTER. 
The computer's name again. 
INPUT-OUTPUT SECTION. ; 
FILE-CONTROL. 
SELECT POEM-FILE ASSIGN TO the file's Location. 


DATA DIVISION. 
FILE SECTION. 
FD POEM-FILE how the file 4s Labeled. 


01 POEM-LINE PIC a picture of a Line of the file. 


WORKING-STORAGE SECTION. 


A description of each variable that's not in the file. 


PROCEDURE DIVISION. 

MAIN-ROUTINE. 
OPEN output or Anput POEM-FILE. 
What you want to do to the file. 
CLOSE POEM=F IEE: 
STOP RUN. 


Like every COBOL program, that outline consists of four divisions: the 
IDENTIFICATION DIVISION, the ENVIRONMENT DIVISION, the DATA DIVISION, 
and the PROCEDURE DIVISION. Let's look at each division. 


Identification division 
The IDENTIFICATION DIVISION consists of two paragraphs: the PROGRAM-ID 
and the AUTHOR. For the PROGRAM-ID, fill in the program's name, which must 
be different than the name of the file. Since the name of the file is POEM, the 
name of the program must not be POEM. If you're lazy, you can omit the AUTHOR. 


Environment division 
The ENVIRONMENT DIVISION consists of two sections: the CONFIGURATION SECTION 
and the INPUT-OUTPUT SECTION. 
The CONFIGURATION SECTION consists of two paragraphs: the SOURCE-COMPUTER | 
and the OBJECT-COMPUTER. On CDC and PDP-11 computers, the CONFIGURATION 
SECTION is required; but on IBM, Eclipse, PDP-10, and PDP-20 computers, the 


entire OP Ee es SECTION is optional, so you can abridge the ENVIRONMENT 
DIVISION : 


ENVIRONMENT DIVISION. 
INPUT-OUTPUT SECTION. 
FILE-CONTROL. 
SELECT POEM-FILE ASSIGN TO the file's Location. 
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The INPUT-OUTPUT SECTION consists of just one paragraph, which is the 
FILE-CONTROL. The FILE-CONTROL paragraph consists of a sentence that says 
SELECT, then the file's name (POEM-FILE), then ASSIGN TO, and finally a blank 
(which you must fill in, and which tells the file's location). 


What do you put in that blank? The answer depends on the file's location. Is 
the file on a disk? On punched cards? Or on paper produced by the printer? 


Here's what to put in the blank, for various computers: 


Printer Card reader Disk 
Eclipse PRINTER "$SCDR"' "POEM" 
CDC OUTPUT INPUT POEM 
PDP-11 ial Pises "ORs! DK Se 
PDP-10, PDP-20 LPT CDR DSK RECORDING MODE ASCII 
IBM using OS UT-S-POEM UT-S-POEM UT-S-POEM 


IBM using DOS  SYS006-UR-1403-S SYSOO5-UR-2540R-S SYSO20-UT-3330-S-POEM 


Data division 
The DATA DIVISION consists of two sections: the FILE SECTION and the 
WORKING-STORAGE SECTION. 
At the beginning of the FILE SECTION, say FD (which means "File Description"). 
To the right of the FD, say POEM-FILE, ‘and then fill in the blank, which tells 
how the file is labeled: 


Computer What to put in the blank 

CDC LABEL RECORDS ARE OMITTED 

PDP-11: disk LABEL RECORDS ARE STANDARD VALUE OF ID ''POEM" 
PDP-11: printer or card reader LABEL RECORDS ARE OMITTED 

PDP-10, PDP-20 VALUE ID 'POEMEEEEE" 

IBM OS LABEL RECORDS ARE STANDARD 

IBM DOS: disk LABEL RECORDS ARE STANDARD 


IBM DOS: printer or card reader LABEL RECORDS ARE OMITTED 


On PDP-10 and PDP-20 computers, put enough blank spaces (—) after POEM so 
that the string has 9 characters. On Eclipse computers, do not fill in the blank; 
just say: 

FD POEM<FILE. 


Underneath the line that says FD, you must say 01. The 01 line includes a 
picture of a line of the file. For example, if a line of the file is an 80-character string, 
the 01 line should say: 


01 POEM-LINE PIC X(80). 
The WORKING-STORAGE SECTION describes each variable that's not in the file. 
Procedure division 
The PROCEDURE DIVISION's MAIN-ROUTINE should begin with the word OPEN, 


and end with the words CLOSE and STOP RUN. In the OPEN statement, you can 
say either— 


OPEN OUTPUT POEM-FILE. 
or: 
OPEN INPUT POEM-FILE. 


If you say OPEN OUTPUT POEM-FILE, the computer will output to the POEM-FILE; 
so it will copy information from the RAM to the POEM-FILE. If you say OPEN INPUT 
POEM-FILE, the computer will input from the POEM-FILE; so it will copy information 
from the POEM-FILE to the RAM. 
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In the PROCEDURE DIVISION, when you fill in the blank about "what you want 
to do to the file’, you must say either WRITE POEM-LINE or READ POEM-FILE. 
If the file is OPEN OUTPUT (which means you're copying from the RAM to the 
file), say WRITE POEM-LINE; if the file is OPEN INPUT (which means you're 
copying from the file to the RAM), say READ POEM-FILE. 


Writing 
Here's a poetic masterpiece: 


CANDY IS DANDY 
BUT LIKKER IS QUIKKER 


It was composed by the famous poet Ogden Nash. Let's make the computer write 
that masterpiece onto a disk, and make the masterpiece become a file named POEM. 
Here's how: 


IDENTIFICATION DIVISION. 
PROGRAM-ID. 
CANDY. 


ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
SOURCE-COMPUTER. 
The computer's name. 
OBJECT-COMPUTER. 
The computer's name again. 
INPUT-OUTPUT SECTION. 
FILE-CONTROL. 
SELECT POEM-FILE ASSIGN TO the 4ile's Location. 


DATA DIVISION. 
FILE SECTIONS 


FD POEM-FILE how the file is Labeled. 
01 POEM-LINE PIC X(21). Therefore, each Line wikl have 21 characters, Like thi 
CANDY IS DANDYEHHEEEH 

PROCEDURE DIVISION. BUT LIKKER IS QUIKKER 

MAIN-ROUTINE. 
OPEN OUTPUT POEM-FILE. The computer creates POEM-FILE {04 output 
MOVE "CANDY IS DANDY'' TO POEM-LINE. POEM-LINE <5 "CANDY IS DANDYESENEEE”. 
WRITE POEM-LINE. That POEM-LINE <4 copied onto the file. 
MOVE ''BUT LIKKER IS QUIKKER' TO POEM-LINE. POEM-LINE becomes a new string. 
WRITE POEM-LINE. That new POEM-LINE is copied onto the ful 
CLOSE POEM-FILE. 
STOP RUN. 


That program doesn't require a WORKING-STORAGE SECTION, so I omitted it. 
Since I was lazy, I also omitted the AUTHOR paragraph. When you run that program, 


the computer will create a file on disk; the file will be called POEM; it will contain 
this message: 


CANDY IS DANDYSERERSE 
BUT LIKKER IS QUIKKER 
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Reading 
This program reads the file POEM, and displays it on your terminal: 


IDENTIFICATION DIVISION. 
PROGRAM-ID. 
READER. 


The ENVIRONMENT DIVISION and DATA DIVISION ane the same as the previous program's. 


PROCEDURE DIVISION. 
MAIN-ROUTINE-BEGINNING. 
OPEN INPUT POEM-FILE. Find POEM on the disk, & prepare to input from it. 
MAIN-ROUTINE-LOOP. 
READ POEM-FILE AT END GO TO MAIN-ROUTINE-ENDING. Read a Line from POEM-FILE. 
DISPLAY POEM-LINE. Display that Line, s0 you see Lt on your terminal. 
GO TO MAIN-ROUTINE-LOOP. Go back to read another Line. 
MAIN-ROUTINE-ENDING. 
DISPLAY ''THAT WAS THE WHOLE POEM". 
GEOSESPOEM-FILE.. 
STOP RUN. 


In the MAIN-ROUTINE-LOOP, the first line means: try to READ a line from POEM-FILE; 
but if a line cannot be read (because the file has ended), go to MAIN-ROUTINE-ENDING 
instead. 

The READ statement differs from the WRITE statement in two ways: 


A WRITE statement mentions a LINE, but a READ statement mentions a FILE. 
A READ statement must contain the words AT END. 


Counting 
This program reads a file called POEM, counts how many lines are in it, and displays 
the count: 


IDENTIFICATION DIVISION. 
PROGRAM-ID. 
COUNTS. 


The ENVIRONMENT DIVISION is the same as the previous program's. 


DATA DIVISION. 
FILE SECTION. 


FD POEM-FILE how the {ile 1s Labeled. 

01 POEM-LINE PIC X(21). assumes POEM-LINE has 21 characters 
WORKING-STORAGE SECTION. 

01 COUNT-OF-HOW-MANY-LINES PIC 99. assumes the count 4s a two-digit number; 


So assumes POEM has Less than 100 Lines 
PROCEDURE DIVISION. 
MAIN-ROUTINE-BEGINNING. 
OPEN INPUT POEM-FILE. Find POEM on the disk. 
MOVE O TO COUNT-OF-HOW-MANY-LINES. Start the count at 0. 
MAIN-ROUTINE-LOOP. 
READ POEM-FILE AT END GO TO MAIN-ROUTINE-ENDING. Read a Line from POEM-FILE. 


ADD 1 TO COUNT-OF-HOW-MANY-LINES. Add 1 to the count. 

GO TO MAIN-ROUTINE-LOOP. Go to read another Line. 
MAIN-ROUTINE-ENDING. When the 4ike 4s done, 

DISPLAY COUNT-OF-HOW-MANY-LINES. display the count. 

CLOSE POEM-FILE. 

STOP RUN. 
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Copying 
This program reads a file called POEM, and creates a copy of it; the copy is a file 
called POEM2: 


IDENTIFICATION DIVISION. 
PROGRAM-ID. 
COPIER. 


ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
SOURCE-COMPUTER. 

The computer's name. 
OBJECT-COMPUTER. 

The computer's name again. 
INPUT-OUTPUT SECTION. 
FILE-CONTROL. 

SELECT POEM-FILE ASSIGN TO the Location of POEM. 

SELECT POEM2-FILE ASSIGN TO the Location of POEM-2. 


DATA DIVISION. 
FILE SECTION. — 
FD POEM-FILE the Labeling for POEM. 


01 POEM-LINE PIC X(21). 
FD POEM2-FILE the fLabeking for POEMZ. 
01 POEM2-LINE PIC X(21). 


PROCEDURE DIVISION. 
MAIN-ROUTINE-BEGINNING. 


OPEN INPUT POEM-FILE. The computer will input 420m POEM-FILE, 
OPEN OUTPUT POEM2-FILE. and output to POEM2-FILE. 
MAIN-ROUTINE-LOOP. The computer does the following repeatedly: 


READ POEM-FILE AT END GO TO MAIN-ROUTINE-ENDING. ‘ead a Line from POEM-FILE; 
MOVE POEM-LINE TO POEM2-LINE. copy that Line to POEM2-LINE; 
WRITE POEM2-LINE. and write POEM2-LINE onto POEM2-FILE. 
GO TO MAIN-ROUTINE-LOOP. 
MAIN-ROUTINE-ENDING. 
DISPLAY ''THE FILE HAS BEEN COPIED". 
CLOSE POEM-FILE POEM2-FILE. 
STOP RUN. 


Pictures 
Suppose you're dealing with a file named JOE, and each line of JOE-FILE is a 
three-digit number. Should the line's picture be edited (JOE-LINE PIC ZZZ) or 
unedited (JOE-LINE PIC 999)? 

When you read a file, the line's picture must be unedited and match the picture 
in the program that wrote the file. 

When you write a file, ask yourself, "What will read it?" If the answer is "a COBOL 
program", the picture must be unedited. If the answer is "only a human", edit the 
picture. 

Remember: if one program writes a file, and another program reads it, both 
programs must use the same picture. For example, if a program writes JACK-FILE 
and says JACK-LINE PIC S9999V99, the program that reads JACK-FILE must also 
say JACK-LINE PIC S9999V99. 
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Peculiarities 
To write and read unedited numbers, the computer takes a short-cut: it omits 
decimal points, and locates the negative sign on top of the last digit. For example, 
instead of writing -0034.27 in JACK-FILE, the computer writes just 003427. When 
another program reads 003427 from the file, the S$9999V99 picture tells the computer 
the 003427 means -0034.27. 


After you WRITE a line, you cannot use the line again in the program. For 
example, after you say WRITE POEM-LINE, you should not say MOVE POEM-LINE TO K; 


it won't work. 


Multiple widths 
Let's make the computer compute the square of 12 and the square of 13 and write 
this file: 


HERE ARE THE SQUARES: 
144 
169 
THEY WERE REAL GROOVY 


The top and bottom lines are long strings whose pictures are X(21). The other two 
lines are short numbers whose pictures are 999. Here's the program: 


IDENTIFICATION DIVISION. 
PROGRAM-ID. 
SQUARE. 


ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
SOURCE-COMPUTER. 
The computer's name. 
OBJECT-COMPUTER. 
The computer's name again. 
INPUT-OUTPUT SECTION. 
FILE-CONTROL. 
SELECT REPORT-FILE ASSIGN TO the Location Of REPORT. The {ile 4s named REPORT. 


DATA DIVISION. 
FLEE SECTION. 


FD REPORT-FILE the Labeling for REPORT. 
01 REPORT-LINE PIC X(21). REPORT-LINE is a 21-character string. 
01 REPORT-LINE2 PIC 999. REPORT-LINE2 is a 3-digit number. 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 


OPEN OUTPUT REPORT-FILE. The computer will create a file named REPORT. 
MOVE "HERE ARE THE SQUARES:" TO REPORT-LINE. 

WRITE REPORT-LINE. The computer writes "HERE ARE THE SQUARES:". 
COMPUTE REPORT-LINE2 = 12 * 12. REPORT-LINEZ is 144. 

WRITE REPORT-LINE2. The computer writes 144. 

COMPUTE REPORT-LINE2 = 13 * 13. REPORT-LINE2 45 169. 

WRITE REPORT-LINE2. The computer writes 169. 

MOVE ''THEY WERE REAL GROOVY" TO REPORT-LINE. 

WRITE REPORT-LINE. The computer writes "THEY WERE REAL GROOVY". 
CLOSE REPORT-FILE. 

STOP RUN. 
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GROUP ITEMS 
In the data division, you can say: 


01 Ke 
02 LA RiGRZo9 . 
02 MePiCe ys. 
02 NSP T Gayo. 


That means K is a combination of L, M, and N. If the procedure division says— 


MOVE 4e7 TOL. 
MOVE 8 TO M. 
MOVE 31 TO N. 


then K will be "427831". 

Since K is a combination of other variables, K is called a group variable or 
group item. L, M, and N are elementary items. Notice that K is the string "427831", 
not the number 427831. A group item is always a string. Since K is a string, not 
a number, you cannot say ADD 1 TO K, although you can say ADD 1 TO Lor 
ADD 1TOM or ADD 1TON. 

Here's a group item, for a weight-reducing studio: 


01 PERSONAL- INFO-ABOUT-CLIENT. 
02 CLIENT-NAME. 
03 FIRST-NAME PIC X(15). 
03 MIDDLE-INITIAL PIC X. 
03 LAST-NAME PIC X(20). 
02 CLIENT-SEX PIC X. A person's sex is "M" of "F", 
02 CLIENT-AGE PIC 99. 
02 WEIGHT-PROGRESS. 
03 WEIGHT-WHEN-ENTERED-PROGRAM PIC 999. 
03 WEIGHT-THIS-WEEK PIC 999. 
03 NUMBER-OF-WEEKS-SO-FAR PIC 999. 


PERSONAL-INFO-ABOUT-CLIENT is composed of CLIENT-NAME (which is composed 

of FIRST-NAME, MIDDLE-INITIAL, and LAST-NAME), CLIENT-SEX, and 
WEIGHT-PROGRESS (which is composed of WEIGHT-WHEN-ENTERED-PROGRAM, 
WEIGHT-THIS-WEEK, and NUMBER-OF-WEEKS-SO-FAR). So 
PERSONAL-INFO-ABOUT-CLIENT is composed of numbers and strings. 

Altogether, PERSONAL-INFO-ABOUT-CLIENT contains 48 characters 

(15+ 1+ 20+1+2+ 3+ 3+ 3); the computer considers PERSONAL-INFO-ABOUT-CLIEN 
to be a string whose picture is X(48). If you say L PIC X(48), you can move all 

the PERSONAL-INFO-ABOUT-CLIENT to L by saying: 


MOVE PERSONAL-INFO-ABOUT-CLIENT TO L. 


To move the CLIENT-NAME to M, without moving the CLIENT-SEX , CLIENT-AGE, 
and WEIGHT-PROGRESS, say: 


MOVE CLIENT-NAME TO M. 


To write lots of information into a file, make the file's LINE be a group item. 


How to extract from a file 
Suppose you've already created a file whose name is EMPLOY; it's on disk or cards. 
Suppose the file contains information about employees. Suppose each line of the 
file contains 80 characters, as follows.... 


Characters 1-40: the employee's name 

Characters 61-70: the employee's home phone number, including the area code 
The other characters (41-60 and 71-80): "miscellaneous information", such as the 
employee's age, sex, address, salary, kind of job, and number of years with 

the company 
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| Let's create a new file, called REPORT, on disk or on the printer's paper. Let's 
| make REPORT contain just the employees’ names and phone numbers, and omit 
|/the "miscellaneous information". Here's how: 


| IDENTIFICATION DIVISION. 
| PROGRAM-ID. 
| PHONES. 


- ENVIRONMENT DIVISION. 
| CONFIGURATION SECTION. 
_ SOURCE-COMPUTER. 


The computer's name. 
OBJECT-COMPUTER. 


The computer's name again. 
INPUT-OUTPUT SECTION. 
FILE-CONTROL. 
SELECT EMPLOY-FILE ASSIGN TO the Location Of EMPLOY. 
SELECT REPORT-FILE ASSIGN TO the Location of REPORT. Throughout the DATA 
DIVISION, the special 


DATA DIVISION. word "FILLER" stands 
FILE SECTION. 7 for data the program 
FD EMPLOY-FILE the labeling 40% EMPLOY. won't mention Later. 
01 EMPLOY-LINE. 
02 EMPLOYEE-NAME PIC X(40). Characters 1-40 are EMPLOYEE-NAME. 
02 FILLER PIC X(20). Characters 41-60 ane wurelevant. 
02 HOME-PHONE. 
03 AREA-CODE PIC 999. Characters 61-63 are AREA-CODE. 
03 PHONE-EXCHANGE PIC 999. Characters 64-66. 
03 REST-OF-PHONE-NUMBER PIC 9999. Characters 67-70. 
02 FILLER PIC X(10). Characters 71-80 ane suielevant. 
FD REPORT-FILE the Labeling for REPORT. 
01 REPORT-LINE. The PICS say HOME-PHONE 
02 EMPLOYEE-NAME-REPORTED PIC X(40). Looks Like this— 
02 HOME-PHONE-REPORTED. 6172668128 
03 LEFT-PARENTHESIS PIC X. but make HOME-PHONE- 
03 AREA-CODE-REPORTED PIC 999. REPORTED Look Like this: 
03 RIGHT-PARENTHESIS PIC X. (617) 266-8128 
03 PHONE-EXCHANGE-REPORTED PIC B999. 
03 THE-DASH PIC X. 
03 REST-OF-PHONE-NUMBER-REPORTED PIC 9999. 


PROCEDURE DIVISION. 
MAIN-ROUTINE-BEGINNING. 
OPEN INPUT EMPLOY-FILE. 
OPEN OUTPUT REPORT-FILE. 


MAIN-ROUTINE-LOOP. The MAIN-ROUTINE- LOOP 
READ EMPLOY-FILE AT END GO TO MAIN-ROUTINE-ENDING. neads a kine fom 
MOVE EMPLOYEE-NAME TO EMPLOYEE-NAME-REPORTED. EMPLOY-FILE, copies data 
MOVE ''(" TO LEFT-PARENTHESIS. Anto each part of 
MOVE AREA-CODE TO AREA-CODE-REPORTED. REPORT-LINE, and then 
MOVE '")"' TO RIGHT-PARENTHESIS. writes REPORT-LINE. 
MOVE PHONE-EXCHANGE TO PHONE-EXCHANGE-REPORTED. 
MOVE Soe LO eT HEsDASHs 


MOVE REST-OF-PHONE-NUMBER TO REST-OF-PHONE-NUMBER-REPORTED. 
WRITE REPORT-LINE. 
GO TO MAIN-ROUTINE-LOOP. 
MAIN-ROUTINE-ENDING. 
CLOSE EMPLOY<=FILE REPORT-FILE. 
STOP RUN. 
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SORT 
Suppose CUSTOM is a disk file that contains information about your customers. 
Suppose each line of the file contains 80 characters, as follows.... 


Characters 1-20: the customer's last name 
Characters 21-80: other information about the customer 


Here's how to put the file in alphabetical order, according to the customer's name: 


IDENTIFICATION DIVISION. 
PROGRAM-ID. 
ALPHA. 


ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
SOURCE-COMPUTER. 
The computer's name. 
OBJECT-COMPUTER. 
The computer's name again. 
INPUT-OUTPUT SECTION. 
FILE-CONTROL. 
SELECT CUSTOM-FILE ASSIGN TO the Location of CUSTOM. 
SELECT SORT-FILE ASSIGN TO the Location of SORT. 


DATA DIVISION. 
ETEEASECTIONs 


FD CUSTOM-FILE the Labeking for CUSTOM. 


01 CUSTOM-LINE PIC X(80). 

SD SORT-FALEX 

01 SORT-LINE. 
02 LAST-NAME PIC X(20). 
O2 FILLER PICEXX60)% 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
SORT SORT-FILE 
ASCENDING KEY LAST-NAME 
USING CUSTOM-FILE 
GIVING CUSTOM-FILE. 
STOP RUN. 


Putting a file in order, by alphabetizing or any other method, is called sorting. 
To sort the CUSTOM-FILE, the computer has to create a temporary GCisk file called 
a SORT-FILE. 

In the sentence that says SELECT SORT-FILE, here's what to put for "the location 
of SORT": 


Computer The location of SORT 
Eclipse "SORT" 
CDC SORT 


PDP-10, PDP-20 DSK DSK DSK RECORDING MODE ASCII 
IBM using OS UT-S-POEM 
IBM using DOS = SYS001-UT-3330-S-SORTWK1 


In the DATA DIVISION's FILE SECTION, the SD means a Sort-file Description. In 
the PROCEDURE DIVISION, the SORT sentence makes the computer automatically 
open the CUSTOM-FILE, sort it, and close it. 

In the SORT sentence, if you replace ASCENDING by DESCENDING, the computer 
will sort the file in reverse order, so the Z's come first and the A's come last. 
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You can make the program fancier, by inserting extra statements before and 
after the SORT statement. But since the SORT statement automatically tells the 
computer to open CUSTOM-FILE, the CUSTOM-FILE must not be open already. 

If you already said OPEN CUSTOM-FILE, you must say CLOSE CUSTOM-FILE 
before you give the SORT statement. 

If you replace GIVING CUSTOM-FILE by GIVING REPORT-FILE, the computer 
won't change CUSTOM-FILE, but will create a REPORT-FILE containing the information 
sorted. For REPORT-FILE, you must type an FD and SELECT it. The computer will 
automatically open it, so it must not be open already. 

Within each line of CUSTOM-FILE, suppose characters 51-57 tell how much the 
customer bought from you during the past year. Let's find out which customers 


bought the most. Let's make the computer print the customer that bought the most, 
then the customer that bought the next most, etc. If two customers bought exactly 


the same amount, let's make the computer print their names in alphabetical order. 


This program does it: 


IDENTIFICATION DIVISION. 
PROGRAM-ID. 
BIGBUY. 


The ENVIRONMENT DIVISION 4s the same as the previous program's. 


DATA DIVISION. 
FILE SECTION. 


FD CUSTOM-FILE the Labeling for CUSTOM. 
01 CUSTOM-LINE PIC X(80). 
SD SORI-FIVE. 
01 SORT-LINE. 
02 LAST-NAME PIC X(20). characters 1-20 
02 FILLER PIC X(30). characters 21-50 
02 AMOUNT-BOUGHT-DURING-YEAR PIC 99999V99. characters 51-57 (the V doesn't 
02 PIRVERSPICtXC23)¢ use a column) 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
SORT SORT-FILE 
DESCENDING KEY AMOUNT-BOUGHT-DURING-YEAR 
ASCENDING KEY LAST-NAME 
USING CUSTOM-FILE 
GIVING CUSTOM-FILE. 
STOP RUN. 


The SORT sentence says: sort the file so that AMOUNT-BOUGHT-DURING-YEAR 
is in DESCENDING order; in case of a tie, put LAST-NAME in ASCENDING order. 
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MERGE 
Suppose OLDCUS and NEWCUS are files (on disk or cards), as follows.... 


OLDCUS describes your old customers, and NEWCUS describes your newer customers. 
In those files, each line contains 80 characters; characters 1-20 contain the customer's | 
last name. Each file is already in alphabetical order, by customer's last name. 


Let's combine the two files. In other words, let's create a "combination" file 
(on disk or printer paper), called ALLCUS, that contains a// the customers; and 
let's make ALLCUS be in alphabetical order also. Here's how: 


IDENTIFICATION DIVISION. 
PROGRAM-ID. 
MERGER. 


ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
SOURCE-COMPUTER. 
The computer's name. 
OBJECT-COMPUTER. 
The computer's name agatn. 
INPUT-OUTPUT SECTION. 
FILE-CONTROL. 
SELECT OLDCUS-FILE ASSIGN TO the Location of OLDCUS. 
SELECT NEWCUS-FILE ASSIGN TO the Location of NEWCUS. 


SELECT ALLCUS-FILE ASSIGN TO the Location of ALLCUS. 
SELECT SORT-FILE ASSIGN TO the Location of SORT. 


DATA DIVISION. 
FILE SECTION. 


FD OLDCUS-FILE the Labeling for OLDCUS. 


01 OLDCUS-LINE PIC X(80). 
FD NEWCUS-FILE the Labeling for NEWCUS. 
01 NEWCUS-LINE PIC X(80). 
FD ALLCUS-FILE the Labeling for ALLCUS. 
01 ALLCUS-LINE PIC X(80). 
SD SORT-FILE. 
01 SORT-LINE. 
02 LAST-NAME PIC X(20). 
02 FILLER PIC X(60). 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
MERGE SORT-FILE 
ASCENDING KEY LAST-NAME 
USING OLDCUS-FILE NEWCUS-FILE 
GIVING ALLCUS-FILE. 
STOP RUN. 


That program creates ALLCUS, which is a combination of OLDCUS and NEWCUS. 
To do that, the computer must create a SORT-FILE. 

The word MERGE automatically opens and closes all the files involved. So do not 
say OPEN or CLOSE. 

Warning: the word MERGE is in COBOL 74 but not in COBOL 68. So if your computer 
is old-fashioned and understands just COBOL 68, it doesn't understand the word MERGI 
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If your computer understands the word MERGE, you can merge as many files 
as you like. For example, if you have files called CUS1, CUS2, CUS3, and CUS4, 
you can say: 


MERGE SORT-FILE 
ASCENDING KEY LAST-NAME 
USING CUS1-FILE CUS2-FILE CUS3-FILE CUS4-FILE 
GIVING ALLCUS-FILE. 


Before you MERGE, make sure that the files you're USING are already in alphabetical 
order. 


SUBSCRIPTS 
Like BASIC, FORTRAN, and PASCAL, COBOL lets you use subscripts. 
| For example, suppose your 4 favorite friends are SUE, JOE, TOM, and ANN. 
Let's make FAVORITE-FRIEND (1) be "SUE", FAVORITE-FRIEND (2) be "JOE", 
FAVORITE-FRIEND (3) be "TOM", and FAVORITE-FRIEND (4) be "ANN". Here's how: 


DATA DIVISION. 
WORKING-STORAGE SECTION. 
01 FAVORITE-FRIEND-TABLE. 
02 FAVORITE-FRIEND OCCURS 4 TIMES PIC XXX. You have 4 FAVORITE-FRIEND,; 
each has PIC XXX. 
PROCEDURE DIVISION. 
MAIN-ROUTINE. 
MOVE ''SUE'' TO FAVORITE-FRIEND (1). 
MOVE 'JOE'' TO FAVORITE-FRIEND (2). 
MOVE "'TOM'' TO FAVORITE-FRIEND (3). 
MOVE "ANN" TO FAVORITE-FRIEND (4). 
DISPLAY FAVORITE-FRIEND (1). 
DISPLAY FAVORITE-FRIEND (2). 
DISPLAY FAVORITE-FRIEND (3). 
DISPLAY FAVORITE-FRIEND (4). 


STOP RUN. 
The computer will display: 
SUE 
JOE 
TOM 
ANN 


When typing the program, remember to put a blank space before the subscript: 
FAVORITE-FRIEND, (1) 
blank space 
In COBOL, you say "OCCURS" instead of "DIMENSION": 


BASIC FORTRAN PASCAL COBOL 
DIM F(4) DIMENSION F(4) F: ARRAY [1..4] F OCCURS 4 TIMES 
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The subscript can be a variable. For example, instead of saying— 


DISPLAY FAVORITE-FRIEND (1). 
DISPLAY FAVORITE-FRIEND (2). 
DISPLAY FAVORITE-FRIEND (3). 
DISPLAY FAVORITE-FRIEND (4). 


you can say: 
DISPLAY FAVORITE-FRIEND (I). 
To do that, you must tell the computer that the I goes from 1 to 4. Here's how: 


DATA DIVISION. 
WORKING-STORAGE SECTION. 


01 FAVORITE-FRIEND-TABLE. 
O02 FAVORITE-FRIEND OCCURS 4 TIMES PIC XXX. 
++01 I PIC 9. I 4s a one-digit number. 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
MOVE ''SUE'' TO FAVORITE-FRIEND (1). 
MOVE 'JOE'' TO FAVORITE-FRIEND (2). 
MOVE "TOM" TO FAVORITE-FRIEND (3). 
MOVE "ANN'' TO FAVORITE-FRIEND (4). 


a PERFORM SHOW-FRIENDSHIP 

oS VARYING I FROM 1 BY 1 UNTIL I > 4. I werkt be 1, 2, 3, 4. 
STOP RUN. 

+»>SHOW-FRIENDSHIP. 

> DISPLAY FAVORITE-FRIEND (I). I 4s the subscript. 


To make the program run faster, say "COMP" at the end of the subscript's picture: 


Computer What to say 


PDP, Eclipse 01 I PICESUCOMP: 
CDC Oli: Pit’ SeCOMP—1 
IBM O01 I PIC 9 COMP SYNC. 


COMP stands for the word COMPUTATIONAL; SYNC stands for the word SYNCHRONIZE 
A subscript cannot contain an operation: 


Okay Wrong 
FAVORITE-FRIEND (3) FAVORITE-FRIEND (C2 + 1) 


+ 
The + 45 not allowed. 
Here's how to make Y-TABLE be a table that has 4 rows and 6 columns: 


01 Y-TABLE. 

02 Y-ROW OCCURS 4 TIMES. 

03 Y OCCURS 6 TIMES PIC XXX. 

The entire table is called: 
Y-TABLE 
The first row of Y-TABLE is called: 
Y-ROW (1) 
The second row of Y-TABLE is called: 
Y-ROW (2) 
The entry in the 2nd row and 5th column of Y-TABLE is called: 
1 (2,,5) 
Spaces 
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EXOTIC FEATURES 


IDENTIFICATION DIVISION 
The IDENTIFICATION DIVISION can include these paragraphs: 


PROGRAM-ID. 
AUTHOR. 
INSTALLATION. 
DATE-WRITTEN. 
DATE-COMPILED. 
SECURITY. 


In each paragraph after the PROGRAM-ID, put whatever garbage you please. 
The computer ignores everything the IDENTIFICATION DIVISION says. 

The IDENTIFICATION DIVISION helps the computer center's librarian classify 
your program. The librarian wants the INSTALLATION paragraph to contain the 
computer center's name and address, the DATE-WRITTEN paragraph to tell when 
you finished debugging the program, the DATE-COMPILED paragraph to tell 
when the computer translated the program from COBOL into machine language, 
and the SECURITY paragraph to tell who may look at the program and who must not. 

If you put the wrong date in the DATE-COMPILED paragraph, don't worry: 
when you ask the computer to produce a COBOL listing of your program, the 
listing will automatically show the correct date instead. 


COMMENTS 
The computer ignores any line that begins with an asterisk. So if you put this 
line in your program— 


*THIS IS A LOUSY PROGRAM 


— the computer will ignore the comment. 

Create comments that explain how your program works. Put the comments near 
the bottom of the IDENTIFICATION DIVISION, near the top of the PROCEDURE 
DIVISION , and wherever your program looks confusing. 

On PDP and Eclipse computers, put the asterisk at the far left; don't put any 
blank spaces before the asterisk. On IBM and CDC computers, put six blank spaces 
before the asterisk, so that the asterisk is in column 7. 
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DECIMAL-POINT IS COMMA 
Some Europeans write commas instead of decimal points, and write decimal points 
instead of commas. 


United States and England: 5,243,794. 95 
France and Italy: 5.243.794, 95 
Germany: 5D 243 794,95 


To write a COBOL program for a Frenchman, an Italian, or a German, make 
three changes.... 
Change #1. Insert this line: 


DECIMAL-POINT IS COMMA. 


| Put that line in a SPECIAL-NAMES paragraph, at the end of the ENVIRONMENT 
DIVISION's CONFIGURATION SECTION: 


CONFIGURATION SECTION. 
SOURCE-COMPUTER. 

The computer's name. 
OBJECT-COMPUTER. 

The computer's name again. 
SPECIAL-NAMES. 

DECIMAL-POINT IS COMMA. 


Change #2. Type all numbers in French-Italian-German notation. So instead of 
typing— 
MOVE 5243794.95 TO K 


iMOM 


type: 
MOVE 5243794,95 TO K 
Change #3. Use French-Italian-German notation in pictures for edited numbers. 


For a Frenchman or an Italian: K PIC Z.ZZZ.ZZZ,2ZZ 
For a German: Wee LUO LB LLIOLLL - LL 


Those are the only changes Europeans make. They still put a period at the end 
of every sentence, and still use English COBOL words such as MOVE and DISPLAY. 


American COBOL: DISPLAY "HELLO, STUPID". 
French COBOL: DISPLAY "BONJOUR, BETE". 
German COBOL: DISPLAY "'GUTEN TAG, DUMMKOPF"'. 
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WHY C IS POPULAR 
C is a computer language invented by Dennis Ritchie in 1972, while he was working 
for AT&T at Bell Labs. He called it "C" because it came after "B", which was an 
earlier language developed by a coworker. 

In volumes 1 and 2, I explained how to program in BASIC and PASCAL. C 
resembles those languages but has two advantages: C runs faster and consumes less 
RAM. 

C has become the most popular language for creating advanced programs. The 
world's largest software companies have switched to C from assembly language. For 
example, Lotus created 1-2-3 by using assembly language but created its next 
success (Symphony) by using C; Microsoft created its early software by using 
assembly language but created Microsoft Word by using C; Ashton-Tate created 
DBASE 2 by using assembly language but created DBASE 3 and DBASE 3 PLUS by 
using C. So if you become an expert C programmer, you can help run those rich 
companies and get rich yourself! - 


VERSIONS OF C 
The best version of C for the Macintosh is Lightspeed C. 

For the IBM PC, the best version for students is the Run C /nterpreter because 
it's so easy to use. Advanced programmers prefer Microsoft C because it 
understands more commands and handles loops faster. Intermediate-level 
programmers prefer Borland's Turbo C, which is a pleasant compromise between the 
other two. 


PREPARE YOURSELF 
Before studying C, study BASIC and PASCAL, which are similar but easier. 

Unlike BASIC and PASCAL, C lets you easily create a pointer, which is a note 
about which part of RAM to use. If you create the pointer incorrectly, C will use the 
wrong part of RAM--and erase whatever information had been there before. For 
example, C might erase the part of RAM used by DOS, so that DOS becomes confused 
and accidentally erases your disks! 

A faulty pointer (which points to the wrong part of RAM) is called a runaway 
pointer, and it's a C programmer's greatest fear. Even if your innocent-looking 
program doesn't seem to mention pointers, a small error in your program might make 
C create a pointer that wrecks your computer. That's why many C programmers look 
thin and haggard and bite their nails. To keep your nails looking pretty, make 
backup copies of all your disks before you try to program in C. 

C is like a sports car with no brakes: it's fast, fun, slim, sleek, and dangerous. 
If you program in C, your friends will admire you and even whistle at you as you 
zoom along the freeway of computer heaven; but if you're not careful, your programs 
and disks will crash, and so will your career! 


GETTING INTO C 
Here's how to start using C. 


If you're using Run C. Put a DOS disk into drive A, then turn the computer on. 
When you see "A>" on the screen, put the first Run C disk (which is marked "vol: 
1/2") into drive A. (Use a backup copy, not the original. ) 

Type "re", so your screen looks like this: 


A>rc 


When you press the ENTER key after re, the computer will say: 
RUN/C 
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Tap the F4 key. The computer will say INSERT. Then you can start typing a C 
program into the computer. 

If you're using Turbo C. Put a DOS disk into drive A, then turn the computer 
on. When you see "A>" on the screen, put the Integrated Development Environment 
disk into drive A, and the Header/Libraries/Examples disk into drive B. (Use 
backup copies, not the originals). 

From your backup copy of the Header/Libraries/Examples disk, erase the 
Microcale program (by typing "erase b:mc*.*"), to create enough room for your 
programs. 

To start using Turbo C, type "te", so your screen looks like this: 


A>tc 


When you press the ENTER key after tc, the computer will say "Turbo C". 

If this is the first time you're using Turbo C and you're using two floppy disk 
drives, tell Turbo C to use drive B. Here's how. Tap the letter O (which stands for 
"Options"), then E (which stands for "Environment"). Do the following 3 times: tap 
the ENTER key, then B, then acolon, then ENTER, then down-arrow. After you've 
done that 3 times, tap the ESCape key, then S, then ENTER. 

Tap the F6 key. Then you can start typing a C program into the computer. 

If you're using a different version of C. Your version of C is complex. For 
details, see the manual that came with your version of C. 


LOVELY EXAMPLE 
Here's a lovely C program: 


maind){ 
puts(''make your nose"); 
puts(C''touch your toes''); 


} 


The program begins by saying "main()", which means: here comes the main 
program. 

Do not capitalize the word "main". If you type "MAIN" instead of "main", the 
computer will gripe. In C, you must type all commands by using lower-case letters, 
not capitals. 

After the "main()", the rest of the program is enclosed in braces: {}. Like 
PASCAL's "BEGIN" and "END", they mark the beginning and end of the program. 

The lines between the braces are indented. To indent, tap the TAB key. The 
indentation is optional but helps other programmers understand your program. 

The indented lines make the computer print two strings: "make your nose" and 
"touch your toes". 

Notice that C says "puts" instead of "print". (BASIC says PRINT; PASCAL says 
WRITELN; C says "puts" instead.) The command "puts" means: put the string onto 
your screen. 

After "puts", you must put parentheses. (PASCAL's WRITELN requires 
parentheses also.) 

Like BASIC, C makes you put each string in quotation marks. 

Like PASCAL, C requires a semicolon at the end of each typical line. Here's the 
rule: each line of C should end with a semicolon or brace. 

When you've finished typing the program, here's how to make the computer run 
it. If you're using Run C, press the F10 key, then F2. If you're using Turbo C, tap 
the R key while holding down the ALT key. If you're using a different version of C, 
read the manual that came with your version. 

The computer will print: 


make your nose 
touch your toes 
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After you've admired that output, here's what to do next. If you're using Run C, 
tap the F4 key (to return to the C editor) or type the word "system" (to exit from C 
and return to DOS). If you're using Turbo C, tap the SPACE bar, which returns 
you to the C editor; then, if you want to eXit to DOS, tap the X key while holding 
down the ALT key, followed by the N key. 

In Turbo C, if the arrow keys ever refuse to move the cursor, try tapping the F6 
key once or twice. 


\N 
Here's a short cut. Instead of typing— 


main() { 
puts("'make your nose"); 
puts(C''touch your toes"); 


} 


you can type: 


main(){ 
puts("make your nose\ntouch your toes"); 


} 


The symbol \n means: new line. It tells the computer to press the ENTER key. So 
puts("make your nose\ntouch your toes") tells the computer to print "make your 
nose", then press the ENTER key, then print "touch your toes". The computer will 
print: 


make your nose 
touch your toes - 


When you type the symbol \n, make sure you type a backslash: \. Donot typea 
division sign: /. 


PRINTF 


Instead of saying "puts", you can say "printf", like this: 


main(){ 
printf("I love her so"); 
printfC"up in the morning''); 


That program makes the computer print "I love her so" and "up in the morning" 
on the same line as each other, so the computer will print: 


I love her soup in the morning 
To force printf to press the ENTER key after "I love her so", say \n, like this: 


maind{ 
printfC("I love her so\n''); 
printfC"up in the morning''); 


That makes the computer print: 


I love her so 
up in the morning 


"Printf" differs from "puts" in two ways: 
e Printf doesn't make the computer press the ENTER key (unless you say \n). 


@ Puts handles just strings. Printf is fancier: it can handle numbers also. Since 
printf is fancier, it requires more RAM than puts. 


Theoretically, the command "printf" means: perform the print function. But 
according to frustrated C programmers whose print-outs are fucked up, "printf" 
actually stands for print fucked. 
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MATH 


SIMPLE ADDITION 
Suppose you have 750 apples and buy 12 more. How many apples will you have 
altogether? This program prints the answer: 


maind{ 
printf(C"you will have %d apples",750+12) ; 
} 


In the second line, the $d means: a bunch of digits. The computer will print "you 
will have", then a bunch of digits, then "apples". The "bunch of digits" will be the 
answer to 750+12. Altogether, the computer will print: 


you will have 762 apples 


In C, each printf line begins with a string (such as "you will have %d apples") 
and typically ends with a computation (such as 750+12). The computer automatically 
inserts the computation's answer into the string. 

If you omit the words "you will have" and "apples", like this— 


main() { 
ORE Cat UTI 2) 
} 


the computer will print just the number 762. In that program, if you forget the "%d" 
or forget to say printf instead of puts, you'll commit an error. For such errors, Run 
C makes the computer gripe; Turbo C and Microsoft C make the computer print 
wrong answers instead. 


To print two answers on the same line, say %d twice, like this: 


main() { 
Sr Iptd (520 eG» (ol th. OOT 1) 
} 


That makes the computer print both answers: 
Zoe 09 


The computer leaves a space between the answers, because of the space between the 
d's. If you omit the space between the %d's, and say "%d%d" instead, the computer 
will print: 


2569 


BEWARE 
Like BASIC and PASCAL, C lets you use the symbols +, -, *, /, parentheses, 
decimal points, and e notation. But if you're not careful, the computer will print 
wrong answers. Here's why... . 


+. 
ROOOK 
e +. 


+. 
+. 
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INTEGERS VERSUS DOUBLE-PRECISION NUMBERS 
C handles two types of numbers well. 

One type of number is called an integer (or int). An int contains no decimal point 
and no e. For example, -27 and 30000 are ints. 

The other type of number that C handles well is called a double-precision number 
(or a double). A double contains a decimal point or ane. For example, -27.0 and 3e4 
are doubles. You can abbreviate: instead of writing "-27.0", you can write "-27.", 
and instead of writing "0.37" you can write ".37". (Exception: Run C doesn't permit 
ae A ) 

To print an int, say "%d" in the printf statement. To print a double, say "%. 15g" 
instead. (The .15 makes the computer print 15 significant digits, and the g makes it 
use a general method of printing. ) 


LARGEST AND TINIEST NUMBERS 
In most versions of C, the largest permissible int is 32767; the lowest is -32767. If 
you feed the computer an int that's too large, the computer won't complain; instead, 
the computer will print a wrong answer! 
In most versions of C, the largest permissible double is approximately 1.7e308; 
the tiniest is approximately 1.7e-308. 


TRICKY ARITHMETIC 
If you combine ints, the answer is an int. For example, 2+3 is this int: 5. 

11/4 is this int: 2. (11/4is not 2.75.) 

If you combine doubles, the answer is a double. If you combine an int with a 
double, the answer is a double. 

How much is 200*300? Theoretically, the answer should be this int: 60000. But for 
most versions of C, 60000 is too large to be an int, and so the computer will print a 
wrong answer. To make the computer multiply 200 by 300 correctly, ask for 
200.0*300.0, like this: 


main() { 
printt.c'4515q'+,20050*50020) - 
} 


That program makes the computer print the correct answer in some reasonable form. 
(For example, Turbo C and Microsoft C make the computer print 60000; Run C makes 
the computer print 60000. 000000000000000 instead. ) 

The original version of Turbo C contains a bug: it does division backwards. For 
example, if you tell Turbo C to divide 8.0 by 2.0, it will divide 2.0 by 8.0 instead 
and print 0.25. This bug occurs only when you divide double- precision constants; it 
does not occur when you divide integers or variables. This bug will be fixed in the 
next version of Turbo C. 
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ADVANCED MATH 
The computer can do advanced math. For example, it can compute square roots. This 
program makes the computer print the square root of 9: 


main() { 
BCLNt TC wed 20, oSOrtC9.U).2> 
} 


The computer will print 3.000000000000000 or just 3. 

Be sure to say sqrt(9.0), not sqrt(9). Here's the rule: the number you find the 
square root of must be double-precision, not an integer. 

That program runs okay if you're using Run C. If you're using Turbo C or 
Microsoft C instead, you must include a math heading, like this: 


#include <math.h> 

main(d){ 
printf ("%.15g",saqrt(9.0)); 
} 


When you type the top line, begin with the symbol # and end with the symbol > 
instead of a semicolon or brace. That line makes the computer look on the C-language 
disk for a file called "math.h". When the computer finds "math.h", the computer 
reads that file, which instructs the computer to make advanced-math answers be 
double-precision. (If you forget to say #include <math.h>, the computer will ignore 
"math.h", think advanced-math answers are integers, and print wrong answers.) 

Besides sqrt, you can use other advanced math functions. All advanced-math 
functions require double-precision numbers; and if you're using Turbo C or 
Microsoft C, you must say #include <math.h>. Here's a list of those advanced-math 
functions. 

To handle exponents, you can use sqrt (square root) , exp (exponential power of 
e), log (logarithm base e), and log10 (logarithm base 10). You can also use pow: for 
example, pow(3.0,2.0) is 3.0 raised to the 2.0 power. 

For trigonometry, you can use sin (sine), cos (cosine), tan (tangent), asin 
(arcsine), acos (arccosine), atan (arctangent), sinh (sine hyperbolic) , cosh (cosine 
hyperbolic), and tanh (tangent hyperbolic). You can also use atan2: for example, 
atan2(y,x) is the arctangent of y divided by x. 

For absolute value, use fabs (floating absolute). For example, fabs(-2.3) is 2.3. 

To round, use floor (which rounds down) or ceil (which stands for "ceiling", and 
which rounds up). For example, floor(26.319) is 26.000, and ceil(26.319) is 27.000. 
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NUMERIC VARIABLES 


SIMPLE NUMERIC VARIABLES 
Like BASIC, C lets you use variables. For example, you can say: 


n=3; 


A variable's name can be short (such as n) or long (such as 
town_population_in_1988). The name must begin with a letter. The name can contain 
letters, digits, and underlines, but not blank spaces. The computer looks at just the 
first eight characters and ignores the rest, so the computer considers 
town population in 1988 to be the same as town pop. 

At the top of your program, say what type of number the variable stands for. For 
example, if n and town population in 1988 will stand for numbers that are ints and 
mortgage_rate will stand for a double, begin your program by saying: 


main() { 
int n,town population_in_1988; 
double mortgage rate; 


Here's a short cut. Instead of beginning your program by saying— 


main) { 
THtn> 
n=3; 


just say: 


main() { 
int n=3; 


If you're writing a program in which n starts at 3 and population in 1988 starts at 
21000, begin your program by saying: 


main(){ 
int n=3, population_in_1988=21000; 


INCREASING & DECREASING 
The symbol ++ means "increase". For example, ++n means "increase n". If you say— 


main() { 
int n=3; 
Th 
printf ("4d"',n) ; 
} 


the n starts at 3 and increases to 4, so the computer prints 4. 

Saying ++n gives the same answer as n=n+1, but the computer handles ++n faster. 

The symbol ++ increases the number by 1, even if the number is a decimal. For 
example, if x is 17.4 and you say ++x, the x will become 18. 4. 

The opposite of ++ is --. The symbol -- means "decrease". For example, --n 
means "decrease n". Saying --n gives the same answer as n=n-1, but faster. 
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STRANGE SHORT CUTS 
If you use the following short cuts, your programs will be briefer and run faster. 
Instead of saying n=n+2, say n+=2, which means "n's increase is 2". Similarly, 
instead of saying n=n*3, say n*=3, which means "n's multiplier is 3". 
Instead of saying ++n and then giving another command, say ++n in the middle of 
the other command. For example, instead of saying— 


cage 

j=?*n, 
say: 

j=/xttn; 


That's pronounced: "jis 7 times an increased n". So if n was 2, saying j=7*++n makes 
n become 3 and j become 21. 


Notice that when you say j=7*++n, the computer increases n before computing j. 
If you say j=7*n++ instead, the computer increases n after computing j; so j=7*n++ 
has the same effect as saying: 
jn; 
Cd a 


HOW TO INPUT 
This program predicts how old you'll be ten years from now: 


main() { 
int age; The age 4s an integer. 
printfC''How old are you? ''); Ask "How old ane you? ". 
scanf ('"'%d'',&age) ; Wait for the person to input the age. 
orintf(''Ten years from now, you will be %d years old.",aget10) Give result. 
} 


Notice that in the scanf statement, you must say &age instead of age. (If you forget 
the symbol &, you'll have a runaway pointer—and a disaster!) Here's a sample run: 


How old are you? 27 
Ten years from now, you will be 37 years old. 


The next program converts feet to inches. It even handles decimals: it can 
convert 1.5 feet to 18.0 inches. 


main() { 
double feet; The number of feet 4s double-prectsion. 
printf (''How many feet? '); Ask "How many feet? ". 
scanf("%Lf"' ,&feet); Wait for person to input how many feet. 
printf("That makes %.15g inches.',feet*12.0); Print the nesult. 
} 


Notice that to input a double-precision number, the scanf statement must say "Slf", 
which means "long floating-point", which is a fancy way of saying "double 
precision". ' 
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ARRAYS 
Like BASIC and PASCAL, C lets you create arrays. For example, if you want x to be 
a list of 3 double-precision numbers, begin your program by saying: 


double x[3]; 


That says x will be a list of 3 double-precision numbers, called x[0], x[1], and 
x[2]. Notice that C starts counting at 0. (PASCAL starts counting at 1 instead; 
PASCAL would call those numbers x[1], x[2], and x[3].) 

Here's a complete C program using that array: 


main() { 
double x[3]; 
x[ 0] =10.6; 
x[1] =3.2; 
x(2j => 
printf(C'%.159",x[ 0] +x[1] +xL 2] 7; 
} 


The computer will print the sum, 14.9. 
Notice that if you say double x[3], you can refer to x[0], x[1], and x[2], but 
not to x[3]. If you accidentally refer to x[3], you'll be creating a runaway pointer. 
If you want x to be a table having 2 rows and 3 columns of double-precision 
numbers, begin your program by saying: 


maind){ 
double x[2][3]; 


Notice that C says x[2][3]. (PASCAL says x[2,3] instead.) In C, if you accidentally 
say x[2,3] instead of x[2][3], you'll have a runaway pointer. 

Since C always starts counting at 0 (not 1), the number in the table's upper-left 
corner is called x[0][0]. 
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CHARACTER VARIABLES 


SINGLE CHARACTERS 
A variable can stand for a character. For example, suppose you're in school, take a 
test, and get an A onit. To proclaim your grade, write a program containing this 
line: 
grade='A'; 
Here's the complete program: 


main() { 
char grade; The grade 44 a character. 
grade='A'; The grade “4 'A’, 
putchar (grade) ; Print the character that's the grade. 
i 


The computer will print: 
A 


The usual way to print the grade is to say putchar(grade). Another way is to say 
printf("%Se", grade); the "$c" means "character". 

To input a grade, say scanf("%c",&grade) or grade=getchar(). If you say 
scanf("%c",&grade), the user must press the ENTER key after entering the grade; if 
you say grade=getchar() instead, the user does not have to press the ENTER key. 
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STRINGS OF CHARACTERS 
A variable can stand for a whole string of characters: 


main() { ; 
char xtorture; Torture is whole string of characters. 
torture="'slice off your head"; Here's torture. 
puts (torture); Print the string that's torture. 
} 


The computer will print: 
slice off your head 


That program begins by saying char *torture. The * means "string", so that char 
* means "character string". If you omit the *, torture will be just one character 
instead of a string of characters. 

Put each string (such as "slice off your head") in double-quotes ("). Put a single 
character (such as 'A') in single-quotes ('). 

To print a string, say puts. To print a single character, say putchar. 

The usual way to print the torture string is to say puts(torture). Another way is 
to say printf("%s",torture) ; the "Ss" means "string". 

Here's how to input a string: 


main(){ 
char *name; name=(char *)malloc(41); 
printfC"What is your name? "); 
gets (name); 
print("I Like the name 4s'',name); 


} 
Here's a sample run of that program: 


What is your name? Maria Gonzales 
I like the name Maria Gonzales 


In that program, the most important line is "gets(name)". That tells the computer 
to get a string from the user; it lets the user input a name. Notice that to input a 
string instead of a number, you say "gets" instead of "scanf". 

The top line says "name=(char *)malloc(41)". That warns the computer that the 
person's name might consume up to 41 characters in RAM (40 bytes for the name 
itself, plus 1 byte for the end-of-string marker). It makes the computer reserve 41 
bytes of RAM for the name. The "malloc" means "memory allocation". If you forget to 
say "name=(char *)malloc(41)", you'll have a runaway pointer. To be extra safe, in 
case the person types an extra-long name, you might be better off saying malloc(51) 
or even malloc(81). Since most strings in most programs are less than 81 characters 
long, here's a rule of thumb: to be safe, say malloc(81) for each string. 

Short cut: most versions of C let you say "name=malloc(41)" instead of 
"name=(char *)malloc(41)". Run C lets you use the short cut easily. Turbo C and 
Microsoft C let you use the short cut but print annoying messages warning you that 
your program is non-standard. 

In the program that says torture="slice off your head", you don't have to say 
torture=(char *)malloc(20), because when the computer sees "slice off your head" in 
your program, the computer automatically reserves 20 bytes of RAM to hold it. You 


need malloc just for variables that are input or that are built up by combining other 
variables. 


ae ‘is 
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Substrings. If torture is "slice off your head", torture+1 means "torture without 
the first character"; it is "lice off your head". Similarly, torturet+2 is "torture 
without the first 2 characters"; it is "ice off your head". (Technically, torturet+2 
means "the string that begins 2 characters past the beginning of torture"; it's "the 
string whose starting memory address is 2 higher than torture's".) For example: 


main() { 
char *torture; Torture 45 a whole string of characters. 
torture="'slice off your head"; Here's torture. 
printf("%s",torture+2) ; Print "ice off your head". 
} 
Here's how to make cool be torture+2, which is "ice off your head": 
main(){ 
char *torture,*cool; Torture and cook ane strings. 
torture="'slice off your head"; Here's torture. 
cool=torturet2; Cook 4s "Kee 064 your head". 
printt( 4s,cool)-; Print "Lee off your head". 
} 


Since cool uses the same part of RAM as torture, cool doesn't have to be malloc'ed. 

Extracting a character from a string. If torture is "slice off your head", *torture 
indicates the first character in torture; it is 's'. This program makes the computer 
print the 's': 


main() { 
char *torture,hiss; Torture is a String. Hiss 45 a Single character. 
torture="'slice off your head"; Here's torture. 


hiss=*torture; Hiss 45 tonture's first character, '4'. 
putchar (hiss); PONE Se, 
} 


If you want to print just torture's third character (which is thei), ask for 
*(torture+2), which means "the character in torture beyond the first 2"; or just ask 
for torture[ 2]. 

Suppose torture's a string, and you say cool=torture. If you change cool's third 
character to an x (by saying cool[ 2]='x'), you'll also be changing the third character 
of torture, since cool and torture share characters with each other and share the 
same part of RAM. 
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‘LOSIG 


If a person's age is less than 18, let's make the computer say "You are still a minor." 
Here's the fundamental line: 


if Cage<18) puts("You are still a minor."); 


Notice you must put parentheses after the word "if". 

If a person's age is less than 18, let's make the computer say "You are still a 
minor." and also say "Ah, the joys of youth!" and "I wish I could be as young as 
you!" Here's how to say all that: 


if (age<18){ 
puts("You are still a minor.''); 
puts("Ah, the joys of youth!"); 
puts(""I wish I could be as young as you!"); 


} . 
Let's put that structure into a complete program: 


main() { 

int age; 

printf C''How old are you? "); 

scanf (''Zd"' ,age); 

if Cage<18) { 
puts("You are still a minor."); 
puts("Ah, the joys of youth!"); 
puts("I wish I could be as young as you!"); 
} 

else{ 
putsC("You are an adult."); 
puts(''Now we can have some adult fun!"); 
} 

puts("Glad to have met you."'); 

} 


If the person's age is less than 18, the computer will print "You are still a minor." 
and "Ah, the joys of youth!" and "I wish I could be as young as you!" If the 
person's age is not less than 18, the computer will print "You are an adult." and 
"Now we can have some adult fun!" Regardless of the person's age, the computer will 
end the conversation by saying "Glad to have met you." 

The "if" statement uses this notation: 


Notation Meaning 
if Cage<18) { if age is less than 18 
if Cage<=18) { if age is less than or equal to 18 
if Cage==18) { if age is equal to 18 
if Cage!=18) { if age is not equal to 18 
if Cage<18 && weight>200) { if age under 18 and weight over 200 
if Cage<18 || weight>200) { if age under 18 or weight over 200 
Look at that table carefully! Notice that in the "if" statement, you must use 
double symbols: you must say "==" instead of "=", say "&&" instead of "&", and say 
"||" instead of "|". If you accidentally use single symbols instead of double, the 


computer will print wrong answers. 
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Strings. To put strings in an "if" statement, you must say "stremp", which 
warns the computer to do a "string comparison". 

For example, suppose x and y are strings, and you want to test whether they're 
equal. Do not say "if (x==y)". Instead, say "if (stremp(x,y)==0)", which means "if 
string comparison between x and y shows 0 difference between them". 

To test whether x's string comes before y's in the dictionary, do not say "if 
(x<y)". Instead, say "if (stremp(x,y) <0)". 


LOOPS 
Let's make the computer print the word "love" repeatedly, like this: 


Love Love Love love love love Love love love love love love Love love love love 
Love love love love love love love love Love love love love love love love love 


love love love love love love love love Love love love love love love love love 
etc. 


This program does it: 


main(){ 
while (1) printfC"Llove ''); 


In that program, the "while (1)" means: do repeatedly. The computer will do 
printf("love ") repeatedly, looping forever—or until you abort the program. 

Let's make the computer start at 20 and keep counting, so the computer will 
print: 


Bem ee 25) 24 20 26 e428 29 350151 (52 53%54 35 eLc. 


This program does it: 


main() { 
int 71=20; Start the integer x at 20. 
while (1){ Do the following Lines nepeatedly, forever: 
Si tie C uC, ey 1),2 print L 
vale ANCHLALE L 
} 
} 


In that program, if you say "while (i<30)" instead of "while (1)", the computer 
will do the loop only while i remains less than 30; the computer will print just: 


PUP ele cee Such Co). 2602 128 329 


Instead of saying "while (i<30)", you can say "while (i<=29)". An even more natural 
way to get the same output is to say: 


maind){ 
iaaciesis 
foe Ci=ec0> 1<—c9> +41) printit C20) 71): 


In that program, the "for (i=20; i<=29; ++i)" means "do repeatedly; start with i=20, 
and keep repeating, as long as i<=29; at the end of each repetition, do ++i". 

In that "for" statement, if you change the ++i to i+=3, the computer will increase i 
by 3 instead of by 1, so that the computer will print: 


EucoT coc? 


The "for" statement is quite flexible. You can even make the "for" statement say 
(i=20; i<100; i*=2)", so that the i will start at 20 and keep doubling; the computer 
will print: 

20 40 80 


Like "if" and "while", the "for" statement can sit atop a group of indented lines in 
braces. 
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GOTO 
You can say "goto". For example, if you say "goto yummy", the computer will go to 
the line whose name is yummy: 


main(){ 
puts("'my dog’); 
goto yummy; 
puts("never'"); 
yummy: puts("drinks whiskey"); 


The computer will print: 


my dog 
drinks whiskey 


COMMENTS 
To put a comment in your program, begin the comment with the symbol /* and end it 
with */. Here's an example: 


/x The following program 


is fishy x*/ 

main() { 
puts("Our funny God"); /x notice the religious motif */ 
puts(C''invented cod''); /x programmed by a jealous flounder */ 
t 


The computer will print just: 


Our funny God 
invented cod 


SUBROUTINES 
Like PASCAL and FORTRAN, C lets you invent subroutines and give them names. 
For example, here's how to invent a subroutine called "insult" and use it in the main 
routine: 


main() { Here's the main routine: 
puts("We all know...'); print "We ake know..." 
insultQ; do the insult 
weer yet we love you''); print "...and yet we Love you" 
insult 0 { Here's how to insult: 
puts("you are stupid''); print "you are stupid" 
eae a are ugly"); punt "you are ugly" 


The computer will print: 


We all know... 

you are stupid 

you are ugly 

-e-and yet we love you 


Like FORTRAN, C wants you to type the main routine first, then the definition of 
the subroutine called "insult". 
Whenever you write a subroutine's name, you must put parentheses afterwards, 


like this: insult(). Those parentheses tell the computer: insult's a subroutine, not a 
variable. 
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Here's another example: 


main() { The main routine says 
Laugh(); to Laugh. 
} 

Laugh () { Here's how to Laugh: 
anit 
for (i=1; 1<=100; ++7) printf("ha "); print "ha " a hundred times. 
} 


The main routine says to laugh. The subroutine defines "laugh" to mean: print "ha" 
a hundred times. Notice that the "int i" is in the subroutine, not the main routine. 

Let's create a more flexible subroutine, so that whenever the main routine says 
laugh(2), the computer will print "ha ha"; whenever the main routine says laugh(5), 
the computer will print "ha ha ha ha ha"; and so on. Here's how: 


main() { 
puts("'Here is a short laugh"); 
Laugh(2); 
puts("'\nHere is a longer laugh''); 
Laugh(5); 
} 
Laugh(n) int n;{ Here's how to Laugh (n): 
unit 75 
for (i=1; i<=n; ++i) printfC"ha "); print "ha", n times. 
} 


Notice that the "int n" is next to laugh(n), not underneath. 

Average. Let's define the "average" of a pair of integers, so that "average(3, 7)" 
means the average of 3 and 7 (which is 5), and so a main routine saying 
"i=average(3,7)" makes i be 5. 

This subroutine defines the "average" of all pairs of integers: 


average(a,b) int a,b;{ 
return CCatb)/2); 
} 


The top line says, "Here's how to find the average of any two integers, a and b." 
The next line says, "Return to the main routine, with this answer: (at+tb)/2." Notice 
that the word "return" must be followed by parentheses. 

Double-precision average. Let's revise the subroutine, to make it handle 
double-precision numbers instead of integers, so a main routine saying 
"x=average(3.0,7.0)" makes x be 5.0. 

Here's how: 


double average(a,b) double a,b; { 
return (Catb)/2.0); 
} 


The subroutine begins by saying "double average". That says the average will be a 
double-precision number. If you omit the word "double" and say just "average", the 
computer will make the average be an integer instead, because the computer assumes 
all subroutine answers are integers, unless you specifically say "double" or "char" 
or some other alternative. 

So to get a double-ynrecision answer, you must begin the subroutine by saying 
"double". You must also say "double" in the main routine: 


main() { 
double x,average(); 
x=average(3.0,7.0); 
Drants (4 4.400 °1,X).5 
} 
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THE MOST FASCINATING LANGUAGES 
In volumes 1 and 2 and the beginning of volume 3, I explained the most popular 
computer languages: BASIC, LOGO, PASCAL, DBASE, FORTRAN, COBOL, and C. 

But those seven languages are just the tip of the iceberg. Programmers have 
invented thousands of others. 

Look at the next page. It shows a multilingual dictionary that lets you translate 
16 languages. For example, it shows that BASIC says "DIM X(4)" but FORTRAN 
says "DIMENSION X(4)" instead. 

The dictionary clumps the languages into groups. For example, look at the 
languages in the second group: ALGOL, PASCAL, MODULA, and ADA. Those four 
languages are almost identical to each other. For example, in each of them you say 
"J:=K+2", 

The bottom group (LOGO, LISP, SNOBOL, PILOT, and APL) differs wildly from 
the others. For example, look at how those five languages translate "IF X=4.3 THEN" 
and "J=K+2", They're called radical languages; the other eleven languages are called 
mainstream. 

Another radical language is FORTH, which is so weird that it won't fit in the 
chart. 

Here's how to make the computer do 2+2 and print the answer (4), using each of 
those languages: 


BASIC FORTRAN PL/I 


PRINT 2+2 N=2+2 HARRY: PROCEDURE OPTIONS (MAIN); 
PRINT *, N PUT LIST (2+2); 
END END; 
ALGOL PASCAL MODULA ADA 
BEGIN BEGIN MODULE HARRY; PROCEDURE HARRY IS 
PRINT (2+2); WRITELN(2+2); FROM INOUT IMPORT WRITEINTEGER; BEGIN 
END END. BEGIN PUT (2+2) ; 
WRITEINTEGER (2+2,6) ; END; 
END HARRY. 
C EASY DBASE COBOL 
MAIN() { SAY 2+2 ? 2+2 IDENTIFICATION DIVISION. 
PRINTF("'%D'"', 2+2) ; DATA DIVISION. 
} WORKING-STORAGE SECTION. 
01 N PIC 9. 


PROCEDURE DIVISION. 
MAIN-ROUTINE. 
ADD 2 2 GIVING N. 


DISPLAY N. 
STOP RUN. 
LOGO LISP SNOBOL PILOT APL FORTH 
PRINT 2+2 (PLUS 2 2) OUTPUT = 2+ 2 C:#N=2+2 242 22+. 
END T:#N 


Notice that APL's the briefest (just say 2+2), and COBOL's the most verbose (it 
requires 9 lines of typing). 

Each of those 17 languages is flexible enough to program anything. Which 
language you choose is mainly a matter of personal taste. 


g 
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Other languages are more specialized. For example, a language called "GPSS" is 
designed specifically to analyze how many employees to hire, to save your customers 
from waiting in long lines for service. DYNAMO analyzes social interactions inside 
your company and city and throughout the world; then it graphs your future. SPSS 
analyzes tables of numbers, by computing their averages, maxima, minima, standard 
deviations, and hundreds of other measurements used by statisticians. APT helps 
you run a factory, by controlling "robots" that cut metal. PROLOG lets you store 
disorganized jumbles of facts and makes the computer analyze them all, to form wise 
answers to your questions and act as an.expert system. RPG spits out long business 
reports, for executives who don't have enough time to program in COBOL. 

The table on the next page reveals more details about all those languages. Within 
each category ("mainstream", "radical", and "specialized"), the table lists the 
languages in chronological order. 

Of those 23 languages, 5 were invented in Europe (ALGOL, PASCAL, MODULA, 
ADA, and PROLOG). The others were invented in the United States. 

5 were invented at IBM's research facilities (FORTRAN, PL/I, APL, GPSS, and 
RPG), 3 at MIT (LISP, APT, and DYNAMO), 2 at Stanford University (FORTH and 
SPSS), 2 by Professor Niklaus Wirth in Switzerland (PASCAL and MODULA), and 2 
at Bell Telephone Labs (C and SNOBOL). The others were invented by geniuses 
elsewhere. 


WHICH LANGUAGE IS BEST? 
Each language has its own advantages. The languages continually improve by 
stealing words from other languages—just as we English speakers stole the word 
"restaurant" from the French, and the French stole the word "weekend" from us. 
Because of the mutual stealing, computer languages are becoming more alike. But 
each language still retains its own "inspired lunacy", its own weird words that other 
languages haven't copied yet. 


WHY STUDY LANGUAGES? 
Expert programmers can boil complex hassles down to a series of simple concepts. To 
do that yourself, you need on the tip of your tongue the words defining those simple 
concepts. The more computer languages you study, the more words you'll learn, so 
you can quickly verbalize the crux of each computer problem and solve it. 


rit 
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Name of What the name Original Where the first Name of 


language --—_ stands for application version arose newest version 
ALGOL ALGOrithmic Language sciences international, ALGOL W, 
1957-1958 BALGOL, 
ALGOL 68 
OBOL COmmon Business- business Defense Dept., COBOL 85 
Oriented Language 1959-1960 
y PASIC Beginner's All- sciences Dartmouth College, GW BASIC, 
S purpose Symbolic 1963-1964 Quick BASIC, 
© Instruction Code Turbo BASIC 
3 PL/I Programming Language general IBM, 1963-1966 PL/I Optimizer, 
= One . PL/C, ANSI PL/I 
—- PASCAL Blaise PASCAL ceneral Switzerland, Turbo PASCAL 
= 1968-1970 
2 MODULA MODULAr programming systems Switzerland, MODULA-2 
a progriings’ (1975 
= systems Bell Telephone Microsoft C 5.0, 
< progr'ing Labs, 1970-1977 Turbo C, C++ 
ADA Lovelace military France, 1977-1980 ADA final vers'n 


equipment . 
data-base Jet Propulsion Lab DBASE 3 PLUS, 
managem't & Ashton-Tate, CLIPPER, 
1978-1980 FOXBASE 
ASY EASY general secret Guide, EASY 
1972-1982 


DBASE Data BASE 


artificial MIT, 1958-1960 Common LISP 


intellig. 


LISt Processing 


“ SNOBOL = StriNg-Oriented string Bell Telephone SNOBOL 4B 
D symBOlic Languag processing Labs, 1962-1963 

5 A Programming sciences Harvard & IBM, APLSV, 

3 Language 1956-1966 APL PLUS 

& LOGO LOGO general Bolt Beranek LCSI LOGO, 
= Newman, 1967 LOGO Writer 
2 FORTH FOuRTH- generation business & Stanford Univ. & FORTH 83, 
& language astronomy Mohasco, FIG-FORTH, 
o 1963-1968 MMS FORTH 


PILOT U. of California at Atari PILOT 


San Fran., 1968 


Programmed Inquiry, 
Learning, Or Teaching 


tutoring 
kids 


PROLOG PROgramming in LOGic artificial France, 1972 


intellig. 


Arity PROLOG, 
Turbo PROLOG 


nm APT Automatically cutting MIT, 1952-1957 APT 77 

SD Programmed Tools metal 

S DYNAMO _DYNAmic Models simulation MIT, 1959 DYNAMO 3 
p) PSS General-Purpose simulation IBM, 1961 GPSS 5 

© Simulation System 

> RPG Report Program business IBM, 1964 RPG 3 
Generator 

= SPSS Statistical Package statistics Stanford Univ., SPSS 2nd ed. 
rs} for the Social Sciences 1965-1967 

Oo. 

77) 
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MAINSEREAM 


OVERVIEW 
The first mainstream languages were FORTRAN, ALGOL, and COBOL. FORTRAN 
appealed to engineers, ALGOL to logicians, and COBOL to business executives. 
FORTRAN was invented by IBM, ALGOL by an international committee, and COBOL 
by a committee based at the Pentagon. 

The other mainstream languages, which came later, were just slight improvements 
of FORTRAN, ALGOL, and COBOL. 

For example, two professors at Dartmouth College combined FORTRAN with 
ALGOL, to form BASIC. It was designed for students, not professionals: it included 
just the easiest parts of FORTRAN and ALGOL. Students liked it because it was easy 
to learn, but professionals complained it lacked advanced features. 

After inventing FORTRAN and further improvements (called FORTRAN II, 
FORTRAN III, FORTRAN IV, and FORTRAN V), IBM decided to invent the 
"ultimate"’ improvement: a language that would include all the important words of 
FORTRAN V and ALGOL and COBOL. At first, IBM called it "FORTRAN VI"; but 
since it included the best of everything and was the first complete language ever 
invented, IBM changed its name to Programming Language One (written as PL/I). 
IBM bragged about how PL/I was so eclectic, but most programmers considered it a 
confusing mish-mash and continued using the original three languages (FORTRAN, 
ALGOL, and COBOL), which were pure and simple. 

Among the folks who disliked PL/I was Niklaus Wirth, who preferred ALGOL. Ata 
Swiss university, he invented an improved ALGOL and called it PASCAL. Then he 
invented a further improvement, called MODULA. ALGOL, PASCAL, and MODULA 
are all very similar to each other. He thinks MODULA's the best of the trio, but 
critics disagree. Today, PASCAL is still the most popular; hardly anybody uses the 
original ALGOL anymore, and MODULA is considered a controversial experiment. 

While Wirth was developing and improving MODULA, other researchers were 
developing four competitors: C, ADA, DBASE, and EASY. Here's why. 

Why C? Fancy languages, such as PL/I and MODULA, require lots of RAM. At 
Bell Telephone Labs, researchers needed a language small enough to fit in the tiny 
RAM of a minicomputer or microcomputer. They developed the ideal tiny language 
and called it C. Like PL/I, it borrows from FORTRAN, ALGOL, and COBOL; but it 
lacks PL/I's frills. It's "lean and mean" and runs very quickly. 

Why ADA? The Department of Defense, which was happily using COBOL to run 
the military's bureaucracy, needed to invent a second kind of language, to control 
missiles and other military equipment. The Department held a contest to develop 
such a language and said it wanted the language to resemble PL/I, ALGOL, and 
PASCAL. (It didn't know about MODULA, which was still being developed.) The 
winner was a French company. The Department adopted that company's language and 
called it ADA. It resembled MODULA but included more commands—and therefore 
consumed more RAM and was more expensive. Critics complain that ADA, like PL/I, 
is too large and complex. 

Why DBASE? Inspired by languages such as BASIC and PL/I, Wayne Ratliff 
invented DBASE. Like BASIC, DBASE is easy; like PL/I and PASCAL, DBASE 
creates loops by saying WHILE instead of GO TO. What makes DBASE unique is its 
new commands for manipulating databases. Of all the new mainstream languages (C, 
ADA, DBASE, and EASY), DBASE has become the greatest commercial success, and 
Wayne has become rich. 

Why EASY? My own attempt to create the ideal language is called EASY. It's even 
easier to learn than BASIC, yet includes the power of languages such as PASCAL. 
But since I don't have the time to put EASY onto a computer, EASY's remained just 
an idea whose time should have come. 

Dig in! Here are the inside secrets about all those mainstream languages. .. . 
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FORTRAN 
During the early 1950's, the only available computer languages were specialized or 
awkward. FORTRAN was the first computer language good enough to be considered 
mainstream. ALGOL and COBOL came shortly afterwards. FORTRAN, ALGOL, and 
COBOL were so good that they made all earlier languages obsolete. 

How FORTRAN developed. In 1954, an IBM committee said it was planning a new 
computer language that would help engineers make the computer handle math 
formulas. The committee called the language FORTRAN, to emphasize that the 
language would be particularly good for TRANslating FORmulas into computer 
notation. 

Those original plans for FORTRAN were modest. They did not allow long variable 
names, subroutines, long function definitions, double precision, complex numbers, 
or apostrophes. 

According to the plans, a variable's name had to be short: just two letters. A 
function's definition had to fit on a single line. Instead of using apostrophes and 
writing 'PLEASE KISS ME', the programmer had to write 14HPLEASE KISS ME; the 
14H meant a 14-character string. 

The first working version of FORTRAN (1957) allowed longer variable names: up 
to 6 characters. FORTRAN II (1958) allowed subroutines and long function 
definitions. IBM experimented with FORTRAN III but never released it to the public. 
FORTRAN IV (1962) allowed double precision and complex numbers. Apostrophes 
around strings weren't allowed until later. 

The original plans said you'd be able to add an integer to a real. That didn't work 
in FORTRAN I, FORTRAN II, and FORTRAN IV, but it works today. 

The original plans said an IF statement would compare any two numbers. 
FORTRAN I and FORTRAN II required the second number to be zero, but FORTRAN 
IV removed that restriction. 

IBM waged a campaign to convince everyone that FORTRAN was easier than 
previous methods of programming. IBM succeeded: FORTRAN became immediately 
popular. FORTRAN was easy enough so that, for the first time, engineers who 
weren't computer specialists could write programs. 

Other manufacturers sold imitations of IBM's FORTRAN, but with modifications. 
The variety of modifications from all the manufacturers annoyed engineers, who 
wished manufacturers would all use a single, common version of FORTRAN. So the 
engineers turned to the American National Standards Institute (ANSI), which is a 
non-profit group of engineers that sets standards. ("ANSI" is pronounced "an see". 
It sets standards for practically all equipment in your life. For example, ANSI sets 
the standard for screws: to tighten a screw, you turn it clockwise, not 
counterclockwise. ) 

In 1966, ANSI decided on a single version of FORTRAN IV to be used by all 
manufacturers. Thereafter, each manufacturer adhered to the ANSI standard but 
also added extra commands, to try to outclass the other manufacturers. 

After several years had gone by, enough extra commands had been added by 
manufacturers so engineers asked ANSI to meet again and develop a common 
standard for those extras. ANSI then developed a new standard that included all the 
popular extras. ANSI finished developing the standard in 1977 and called it 
FORTRAN 77. 

Today, each major manufacturer adheres to the standard for FORTRAN 77, so 
you can run FORTRAN 77 programs on most maxicomputers, minicomputers, and 
microcomputers. Each manufacturer adds extra commands beyond FORTRAN 77. 

ANSI has tentatively proposed a "FORTRAN 88", but IBM and DEC think ANSI's 
proposal is too radical and refuse to endorse it. 

FORTRAN's popularity. FORTRAN became popular immediately, because it didn't 
have any serious competitors. Throughout the 1960's and 1970's, FORTRAN 
remained the most popular computer language among engineers, scientists, 
mathematicians, and college students. Colleges required all freshman 
computer-science majors to take FORTRAN. 
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But at the end of the 1970's, FORTRAN's popularity began to drop. Engineers 
switched to newer languages, such as BASIC (which is easier), PASCAL (more 
logical), and C (faster and more economical of RAM). Although FORTRAN 77 
included extra commands to make FORTRAN resemble BASIC and PASCAL, those 
commands were "too little, too late’: FORTRAN's new string commands weren't quite 
as good as BASIC's, and FORTRAN's new IF command wasn't quite as good as 
PASCAL's. 

Now high-school kids are required to study BASIC, college kids are required to 
study PASCAL, professional programmers are required to study C, and hardly 
anybody studies FORTRAN. People who still program in FORTRAN are called 
"old-fashioned" by their colleagues. 

But in some ways, FORTRAN's still better for engineering than BASIC, PASCAL, 
or C. For example, FORTRAN includes more commands for handing "complex 
numbers". FORTRAN programmers have developed libraries containing thousands of 
FORTRAN subroutines, which you can use in your own FORTRAN programs; such 
large libraries haven't been developed for BASIC, PASCAL, or C yet. 

Although BASIC, PASCAL, and C work well on microcomputers and 
minicomputers, no good versions of those languages have been invented for IBM 
maxicomputers yet. The only language that lets you unleash an IBM maxicomputer's 
full power to solve engineering problems is FORTRAN. 


ALGOL 
In 1955, a committee in Germany began inventing a computer language. Though the 
committee spoke German, it decided the computer language should use English words 
instead, since English was the international language for science. 

In 1957 those Germans invited Americans to join them. In 1958 other European 
countries joined also, to form an international committee, which proposed a new 
computer language, called "IAL" (International Algebraic Language). 

The committee eventually changed the language's name to ALGOL 58 (the 
ALGOrithmic Language invented in 1958), then created an improved version called 
ALGOL 60, then created a further revision called ALGOL 60 Revised, and disbanded. 
Today, programmers who mention "ALGOL" usually mean the committee's last report, 
ALGOL 60 Revised. 

ALGOL differs from FORTRAN in many little ways... . 

How to end a statement. At the end of each statement, FORTRAN requires you to 
press the ENTER key. ALGOL requires you to type a semicolon instead. 

ALGOL's advantage: you can type many statements on the same line, by putting 
semicolons between the statements. ALGOL's disadvantage: those ugly semicolons 
are a nuisance to type and make your program look cluttered. 

Integer variables. To tell the computer that a person's AGE is an integer (instead 
of a real number), FORTRAN requires you to put the letter I, J, K, L, M, or N 
before the variable's name, like this: IAGE. ALGOL requires you to insert a note 
saying "INTEGER AGE" at the top of your program instead. 

ALGOL's advantage: you don't have to write unpronounceable gobbledygook 
such as "IAGE". ALGOL's disadvantage: whenever you create a new variable, 
ALGOL forces you to go back up to the top of your program and insert a line saying 
"INTEGER" or "REAL". 

Assignment statements. In FORTRAN, you can say J=7. In ALGOL, you must 
insert a colon and say J:=7 instead. 

To increase K by 1 in FORTRAN, you say K=K+1. In ALGOL, you say K:=K+1. 

ALGOL's disadvantage: the colon is a nuisance to type. FORTRAN's 
disadvantage: according to the rules of algebra, it's impossible for K to equal K+1, 
and so the FORTRAN command K=K+1 looks like an impossibility. 

ALGOL's beauty. ALGOL avoids FORTRAN's ugliness, in the following 
Ways 1JSk5, 

In ALGOL, a variable's name can be practically as long as you like. In FORTRAN, 
a variable's name must be short: no more than 6 characters. 

ALGOL lets you write 2 instead 2.0, without affecting the computer's answer. In 
FORTRAN, if you write 1/2 instead of 1/2.0, you get 0 instead of .5; and if you write 
SQRT(9) instead of SQRT(9.0), you get nonsense. . 


(118) 


ALGOL's IF statement is very flexible: it can include the words ELSE, BEGIN, 
and END, and it lets you insert as many statements as you want between BEGIN and 
END. ALGOL even lets you put an IF statement in the middle of an equation, like 
this: X:=2+(IF Y<5 THEN 8 ELSE 9). The IF statement in FORTRAN I, II, III, and IV 
was very limited; the IF statement in FORTRAN 77 copies some of ALGOL's power, 
but not yet all. 

ALGOL's FOR statement is very flexible. To make X be 3.7, then be Y+6.2, then 
go from SQRT(Z) down to 5 in steps of .3, you can say "FOR X:=3.7, Y+6.2, 
SQRT(Z) STEP -.3 UNTIL 5DO". FORTRAN's DO is more restrictive; some versions 
of FORTRAN even insist that the DO statement must not contain reals, must not 
contain negatives, and must not contain arithmetic operations. . 

At the beginning of a FORTRAN program, you can say DIMENSION X(20) but not 
DIMENSION X(N). ALGOL permits the "DIMENSION X(N)" concept; in ALGOL you 
say ARRAY X[1:N]. 

ALGOL's popularity. When ALGOL was invented, programmers loved it. 
Europeans began using ALGOL more than FORTRAN. The American computer 
association (called the Association for Computing Machinery, ACM) said all programs 
in its magazine would be in ALGOL. 

But IBM refused to put ALGOL on its computers. Since most American 
programmers used IBM computers, most American programmers couldn't use ALGOL. 
That created a ridiculous situation: American programmers programmed in FORTRAN 
instead, but submitted ALGOL translations to the ACM's magazine, which published 
the programs in ALGOL, which the magazine's readers had to translate back to 
FORTRAN in order to run on IBM computers. 

IBM computers eventually swept over Europe, so that even Europeans had to use 
FORTRAN instead of ALGOL. 

In 1966 the ACM gave in and agreed to publish programs in FORTRAN. But since 
ALGOL was prettier, everybody continued to submit ALGOL versions anyway. 

IBM gave in also and put ALGOL on its computers. But IBM's version of ALGOL 
was so limited and awkward that nobody took it seriously, and IBM stopped selling it 
and supporting it. 

In 1972 Stanford University created ALGOL W, a better version that ran on IBM 
computers. But ALGOL W came too late: universities and businessmen had already 
grown tired of waiting for a good IBM ALGOL and had committed themselves to 
FORTRAN. | 

Critics blamed IBM for ALGOL's demise. But here's IBM's side of the story. ... 

IBM had invested 25 man-years to develop the first version of FORTRAN. By the 
time the ALGOL committee finished the report on ALGOL 60 Revised, IBM had also 
developed FORTRAN II and FORTRAN III and made plans for FORTRAN IV. IBM was 
proud of its FORTRANs wanted to elaborate on them. 

Moreover, IBM realized that computers run FORTRAN programs more quickly 
than ALGOL. 

When asked why it didn't support ALGOL, IBM replied that the committee's 
description of ALGOL was incomplete. IBM was right; the ALGOL 60 Revised Report 
has three loopholes: 

1. The report doesn't say what words to use for input and output, because the 
committee couldn't agree. So computers differ. If you want to transfer an ALGOL 
program from one computer to another, you must change all the input and output 
instructions. 

2. The report uses symbols such as +and A, which aren't on most keyboards. 
The report underlines keywords; most keyboards can't underline. To type ALGOL 
programs on a typical keyboard, you must substitute other symbols for + A, and 
underlining. Here again, manufacturers differ. To transfer an ALGOL program to 
another manufacturer, you must change symbols. 

3. Some features of ALGOL are hard to teach to a computer. Even today, no 
computer understands all of ALGOL. When a manufacturer says its computer 
"understands ALGOL", you must ask, "Which features of ALGOL?" 
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Attempts to improve ALGOL. Long after the original ALGOL committee wrote the 
ALGOL 60 Revised Report, two other ALGOL committees were formed. 

One committee developed suggestions on how to do input and output, but its 
suggestions were largely ignored. 

The other committee tried to invent a much fancier ALGOL. That committee wrote 
its preliminary report in 1968 and revised it in 1975. Called ALGOL 68 Revised, that 
weird report requires you to spell words backwards: to mark the end of the IF 
statement, you say FI; to mark the end of the DO statement, you say OD. The 
committee's decision was far from unanimous: several members refused to endorse 
the report. 

ALGOL today. Few programmers still use ALGOL, but many use PASCAL (which 
is very similar to ALGOL 60 Revised) and BASIC (which is a compromise between 
ALGOL and FORTRAN). 


COBOL 
During the 1950's, several organizations developed languages to solve problems in 
business. The most popular business languages were IBM's COMMERCIAL 
TRANSLATOR (developed from 1957-1959), Honeywell's FACT (1959-1960), Sperry 
Rand's FLOW-MATIC (1954-1958), and the Air Force's AIMACO (1958). 

In April 1959, a group of programmers and manufacturers met at the University 
of Pennsylvania and decided to develop a sing/e business language for a// computers. 
The group asked the Department of Defense to help sponsor the research. 

The Department agreed, and so a follow-up meeting was held at the Pentagon in 
May. At that meeting, the group tentatively decided to call the new language "CBL" 
(for "Common Business Language") and created three committees. 

The Short-Range Committee would meet immediately to develop a temporary 
language. A Medium-Range Committee would meet later to develop a more thoroughly 
thought-out language. Then a Long-Range Committee would develop the ultimate 
language. 

The Short-Range Committee met immediately and created a language nice enough 
so that the Medium-Range and Long-Range Committees never bothered to meet. 

The Short-Range Committee wanted a more pronounceable name for the language 
than "CBL". At a meeting in September 1969, the committee members proposed six 
names: "BUSY" (BUsiness SYstem), "BUSYL" (BUsiness SYstem Language), 
"INFOSYL" (INFOrmation SYstem Language), "DATASYL" (DATA SYstem 
Language), "COSYL" (COmmon SYstem Language), and "COCOSYL" (COmmon 
COmputer SYstem Language). The next day, a member of the committee suggested 
"COBOL" (COmmon Business-Oriented Language), and the rest of the committee 
agreed. 

I wish they'd have kept the name "BUSY", because it's easier to pronounce and 
remember than "COBOL". Today, COBOL programmers are still known as "BUSY 
bodies". 

From Sperry Rand's FLOW-MATIC, the new language (called "COBOL") borrowed 
two rules: begin each statement with an English verb, and put data descriptions in a 
different program division than procedures. From IBM's COMMERCIAL 
TRANSLATOR, COBOL borrowed group items (01 and 02), PICTURE symbols, fancy 
IF statements, and COMPUTE formulas. 

Compromises. On some issues, the members of the committee couldn't agree, and 
so they had to compromise. 

For example, some members wanted COBOL to let the programmers construct 
mathematical formulas by using these symbols: 


Dm - * / = ( ) 


But other members of the committee disagreed: they argued that since COBOL is 
supposed to be for stupid businessmen who fear formulas, COBOL ought to use the 
words ADD, SUBTRACT, MULTIPLY, and DIVIDE instead. The committee 
compromised: when you write a COBOL program, you can use the words ADD, 
SUBTRACT, MULTIPLY, and DIVIDE; if you prefer, you can use a formula instead, 


but you must warn the computer by putting the word COMPUTE in front of the 
formula. 


(120) 


COBOL can handle short numbers. Can it handle long numbers also? How long? 
How many digits? The committee decided that COBOL would handle any number up to 
18 digits long. The committee also decided that COBOL would handle any variable 
name up to 30 characters long. So the limits of COBOL are "18 and 30". Why did the 
committee pick those two numbers—"18 and 30"—instead of "16 and 32"? Answer: 
some manufacturers wanted "16 and 32" (because their computers were based on the 
numbers 16 and 32), but other manufacturers wanted other combinations (such as 
"24 and 36"); the committee, hunting for a compromise, chose "18 and 30", because 
nobody wanted it, and so it would give no manufacturer an unfair advantage over 
competitors. In other words, COBOL was designed to be equally terrible for 
everybody! That's politics! 

COBOL's popularity. In 1960, the Department of Defense announced it would buy 
only computers that understand COBOL, unless a manufacturer can demonstrate why 
COBOL would not be helpful. In 1961, Westinghouse Electric Corp. made a similar 
announcement. Other companies followed. COBOL became the most popular computer 
language. Today it's still the most popular computer language for maxicomputers, 
though programmers on minicomputers and microcomputers have switched to newer 
languages. 

Improvements. The original version of COBOL was finished in 1960 and called 
COBOL 60. Then came an improvement, called COBOL 61. The verb SORT and a 
"Report Writer" feature were added in 1962. Then came COBOL 6555 COBOL (68; 
COBOL 74, and COBOL 85. 

COBOL's most obvious flaw. To write a COBOL program, you must put 
information about file labeling into the data division's FD command. Since file 
labeling describes the environment, not the data, COBOL should be changed, to put 
the labeling in the environment division instead. Jean Sammet, who headed some of 
the Short-Term Committee's subcommittees, admits her group goofed when it decided 
to put labeling in the data division. But alas, COBOL's too old to change now. 


BASIC 
The first version of BASIC was developed in 1963 and 1964 by a genius (John 
Kemeny) and his friend (Tom Kurtz). 

How the genius grew up. John Kemeny is a Jew who was born in Hungary in 1926. 
In 1940 he and his parents fled from the Nazis and came to America. Although he 
knew hardly any English when he began high school in New York, he learned enough 
so that he graduated as the top student in the class. Four years later, he graduated 
from Princeton summa cum laude, even though he had to spend 13 of those years in 
the Army, where he helped solve equations for the atomic bomb. 

Two years after his B.A., Princeton gave him a Ph.D. in mathematics and 
philosophy, because his thesis on symbolic logic combined both fields. 

While working for the Ph.D., he was also Einstein's youngest assistant. He told 
Einstein he wanted to quit math and instead hand out leaflets for world peace. 
Einstein replied: handing out leaflets would waste his talents; the best way for him 
to help world peace would be to become a famous mathematician, so people would 
listen to him, as they had to Einstein. He took Einstein's advice and stayed with 
math. 

After getting his Ph.D., he taught symbolic logic in Princeton's philosophy 
department. In 1953, most of Dartmouth College's math professors were retiring, so 
Dartmouth asked Kemeny to come to Dartmouth, chair the department, and "bring all 
your friends". He accepted the offer and brought his friends. That's how Dartmouth 
Stole Princeton's math department. 

At Dartmouth, Kemeny invented several new branches of mathematics. Then 
Kemeny's department got General Electric to sell Dartmouth a computer at 90% 
discount, in return for which his department had to invent programs for it and let 
General Electric use them. To write the programs, Kemeny invented his own little 
computer language in 1963 and showed it to his colleague Thomas Kurtz, who knew 
less about philosophy but more about computers. Kurtz added features from ALGOL 
and FORTRAN and called the combination "BASIC". 
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After inventing BASIC, Kemeny became bored and thought of quitting 
Dartmouth. Then Dartmouth asked him to become president of the college. He 
accepted. 

Later, when the Three-Mile Island nuclear power plant almost exploded, 
President Jimmy Carter told Kemeny to head the investigation, because of Kemeny's 
reputation for profound philosophical and scientific impartiality. Kemeny's report 
was impartial—and sharply critical of the nuclear industry. 

How BASIC compares with ALGOL and FORTRAN. BASIC is simpler than both 
ALGOL and FORTRAN in two ways: 

® In ALGOL and FORTRAN, you must tell the computer which variables are 
integers and which are reals. In ALGOL, you do that by saying INTEGER or REAL. 
In FORTRAN, you do that by choosing an appropriate first letter for the variable's 
name. In BASIC, the computer assumes all variables are real, unless you specifically 
say otherwise. 

® In ALGOL and FORTRAN, output is a hassle. In FORTRAN, you have to worry 
about FORMATs. In ALGOL, each computer handles output differently—and in most 
cases strangely. BASIC's PRINT statement automatically invents a good format. 

Is BASIC closer to ALGOL than to FORTRAN? On the one hand, BASIC uses the 
ALGOL words FOR, STEP, and THEN and the ALGOL symbol ¢ (or *). On the other 
hand, BASIC uses the FORTRAN words RETURN and DIMENSION (abbreviated 
DIM); and BASIC's "FOR I = 1 to 9 STEP 2" puts the step size at the end of the 
statement, like FORTRAN's "DO 301 =1,9,2" and unlike ALGOL's "FOR I:=1 STEP 2 
UNTIL 9". 

Why BASIC overshadows JOSS. BASIC is not the simplest computer language. 
JOSS, which was developed a year earlier by the RAND Corporation, is simpler to 
learn. But JOSS doesn't have string variables and doesn't name programs (you must 
give each program a number instead, and remember what the number was). Also, 
programs written in JOSS run more slowly and require more of the computer's 
memory than if written in BASIC. 

A few programmers still use JOSS and three of its variants, which are called A/D, 
FOCAL, and MUMPS. They all run on computers built by DEC. AID is used by 
high-school kids on PDP-8 computers, FOCAL by scientists on PDP-10 computers, 
and MUMPS by doctors designing databases of patient records on PDP-11 computers. 
Though MUMPS does have string variables and other modern features, it's gradually 
being replaced by newer database languages such as DBASE. 

Six versions. Kemeny and Kurtz finished the original version of BASIC in May 
1964. It included just these statements: PRINT, GO TO, IF...THEN, FOR...NEXT, 
DATA...READ, GOSUB...RETURN, DIM, LET (for commands such as LET X=3), 
REM (for REMarks and comments), DEF (to DEFine your own functions), and END. 

In that version, the only punctuation allowed in the PRINT statement was the 
comma. The second version of BASIC (October 1964) added the semicolon. 

The third version (1966) added the words INPUT, RESTORE, and MAT. (The 
word MAT helps you manipulate a "MATrix", which means an "array". Today, most 
Lara of BASIC omit the word MAT, because its definition consumes too much 

-) 

In all those versions, you could use variables. For example, you could say LET 
X=3. A variable was a letter that stood for a number. The fourth version (1967) 
added a new concept: string variables (such as A$). That version also added TAB 
(to improve the printing), RANDOMIZE (to improve RND), and ON...GO TO. 

The fifth version (1970) added data files (sequential access and random access). 

The sixth version (1971) added PRINT USING and a sophisticated way to handle 
subroutines—a way so sophisticated that most microcomputers don't have it yet! 
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How BASIC became popular. During the 1960's and 1970's, Kemeny and Kurtz 
worked on BASIC with a fervor that was almost religious. They believed every 
college graduate should know how to program a computer, and be as literate in 
BASIC as in English. They convinced Dartmouth to spend as much on its computer as 
on the college library. They put computer terminals in practically every college 
building (even in the dorms), and let all the kids who lived in the town come onto the 
campus and join the fun. Altogether, the campus had about 300 terminals. Over 90% 
of all Dartmouth students used BASIC before they graduated. 

Dartmouth trained high-school teachers how to use BASIC. Soon many colleges, 
high schools, and prep schools throughout New England had terminals connected to 
Dartmouth's computer via telephone. 

General Electric, which built Dartmouth's computer, quit making computers and 
sold its computer factory to Honeywell. So today, Dartmouth's computer is called a 
"Honeywell". 

Since Dartmouth's research on BASIC was partially funded by the National 
Science Foundation, BASIC was in the public domain. Other computer manufacturers 
could use it without having to worry about copyrights or patents. 

DEC. The first company to copy Dartmouth's ideas was Digital Equipment 
Corporation (DEC). 

DEC put BASIC and FOCAL on DEC's first popular minicomputer, the PDP-8. 
When DEC saw that programmers preferred BASIC, DEC stopped developing FOCAL 
and devoted all its energies to improving BASIC further. 

DEC invented fancier minicomputers (the PDP-11 and VAX) and maxicomputers 
(the Decsystem-10 and Decsystem- 20) and put BASIC on all of them. DEC's versions 
of BASIC were similar to Dartmouth's. Though the versions put on the PDP-8 were 
quite primitive (almost as bad as Dartmouth's first edition), the versions put on 
DEC's fancier computers were more sophisticated. Eventually, DEC put decent 
versions of BASIC even on the PDP-8. 

DEC's best version of BASIC is VAX BASIC, which works only on VAX 
computers. DEC's second-best version of BASIC is BAS/IC-PLUS-2, which works on 
the VAX, the PDP-11, and the Decsystem-20. DEC's third-best version of BASIC is 
BASIC-PLUS, which works only on the PDP-11. DEC's other versions of BASIC 
aren't as fancy. 

Hewlett-Packard. Soon after DEC started putting BASIC on its computers, 
Hewlett-Packard decided to do likewise: Hewlett-Packard put BASIC on the HP- 2000 
computer, and then put a better version of BASIC on the HP-300 computer. 

Unfortunately, Hewlett-Packard's BASIC was more difficult to use than DEC's. 
On Hewlett-Packard computers, each time you used a string you had to write a "DIM 
Statement" that warned the computer how long the string would be: the DIM 
Statement had to say how many characters the string would contain. 

Other major manufacturers. Most other manufacturers imitate the versions of 
BASIC invented by Dartmouth and DEC. Unfortunately, Data General, Wang, and 
IBM made the mistake of copying Hewlett-Packard instead. 

That's how BASIC developed on maxicomputers and minicomputers. 

How Microsoft BASIC arose. The first popular microcomputer was the Altair 8800, 
which used a version of BASIC invented by a 20-year-old kid named Bill Gates. His 
version imitated DEC's. 

The Altair computer was manufactured by a company called M/TS. When MITS 
didn't treat Bill Gates fairly, he broke away from MITS and formed his own company, 
called Microsoft. 

Bill Gates and his company, Microsoft, invented many versions of BASIC. The 
first was called 4K BASIC, because it consumed only 4K of memory chips (RAM or 
ROM). Then came 8K BASIC, which included a larger vocabulary. Then came 
Extended BASIC, which included an even larger vocabulary and consumed 14K. All 
those versions were intended for primitive microcomputers that used tapes instead of 
disks. Finally came Disk BASIC, which came on a disk and included all the commands 
for handling disks. His Disk BASIC version 4 was further improved, to form Disk 
BASIC version 5, which is the version of BASIC still used on CP/M computers and on 
the Radio Shack model 4. It's also called MBASIC and BASIC-80. 
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All those versions of BASIC were written for computers that contained an 8080 or 
Z-80 CPU. Simultaneously, he wrote 6502 BASIC, for Apple and Commodore 
computers. Apple's version of 6502 BASIC is called Applesoft BASIC; Commodore's 
version of 6502 BASIC is called Commodore BASIC. 

Unfortunately, 6502 BASIC is rather primitive: it resembles his 8K BASIC. Soif 
you're trying to learn advanced BASIC programming, you should not get an Apple 2e 
or 2c or Commodore 64! 

After writing 6502 BASIC, Bill wrote an improved version of it, called 6809 
BASIC, which is available only for Radio Shack's Color Computer. Radio Shack calls 
it Extended Color BASIC. 

Texas Instruments (TI) asked Bill to write a version of BASIC for TI computers. 
Bill said "yes". Then TI told Bill what kind of BASIC it wanted. Bill's 
company—Microsoft—found 90 ways in which TI's desires would contradict 
Microsoft's traditions. Microsoft convinced TI to change its mind and remove 80 of 
those 90 contradictions, but TI stood firm on the other 10. So TI BASIC (which is on 
the TI-990 and TI-99/4A computers) contradicts all other versions of Microsoft 
BASIC in 10 ways. For example, in TI BASIC, the INPUT statement uses a colon 
instead of a semicolon, and a multi-statement line uses a double colon (::) instead of 
a single colon. Because of those differences, TI's computers became unpopular, and 
TI stopped making them. Moral: if you contradict Bill, you'll die! 

Bill later invented an amazingly wonderful version of BASIC, better than all the 
other versions that had been invented. He called it GW BASIC (which stands for 
"Gee-Whiz BASIC"). It runs only on the IBM PC and clones. 

When you buy PC-DOS from IBM, you get GW BASIC at no extra charge. (IBM 
calls it BASICA.) When you buy MS-DOS for an IBM clone, the typical dealer 
includes GW BASIC at no extra charge, but ask! 

Beyond GW BASIC. GW BASIC was the last version of BASIC that Bill developed 
personally. All further improvements and variations were done by his assistants at 
Microsoft. 

Microsoft's newest variations are Microsoft BASIC for the Macintosh, Amiga 
Microsoft BASIC (for the Commodore's Amiga computer), and Quick BASIC (for the 
IBM PC and clones). They're slightly harder to learn how to use than GW BASIC; 
but once you understand them, you'll prefer them because they run faster and 
include a better editor, more words from ALGOL and PASCAL, and fancier output. 

While developing those versions of BASIC, Microsoft added three new commands 
that are particularly exciting: SAY, END IF, and SUB. 

The SAY command makes the computer talk, by using a voice synthesizer. For 
example, to make the computer's voice say "I love you", type this command: 


SAY TRANSLATESC"I LOVE YOU") 


That makes the computer translate "I love you" into phonetics and then say the 
phonetics. That command works on the Amiga, and I hope Microsoft will put it on 
other computers also. 
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The END IF and SUB commands give BASIC some of PASCAL's power. By using 
the END IF command, you can make the IF statement include many lines, like this: 


IF AGE<18 THEN 
PRINT "YOU ARE STILL A MINOR." 
PRINT "AH, THE JOYS OF YOUTH!" 
PRINT "I WISH I COULD BE AS YOUNG AS YOU!" 
END IF 


By using the SUB command, you can give a subroutine a name, like this: 


PRINT "WE ALL KNOW..." 
CALL INSULT 
PRINT ''...AND YET WE LOVE YOU" 


SUB INSULT STATIC 
PRINT "YOU ARE STUPID" 
PRINT "YOU ARE UGLY" 
END SUB 


Borland. Microsoft's main competitor is Borland, which makes Turbo PASCAL, 
Turbo C, and Turbo BASIC. , 

Borland's Turbo BASIC includes even more commands than Microsoft's Quick 
BASIC. Turbo BASIC runs faster than Quick BASIC version 2, though not as fast as 
Quick BASIC version 3. 

Divergences. GW BASIC, Microsoft BASIC for the Macintosh, Amiga Microsoft 
BASIC, Quick BASIC, and Turbo BASIC are all wonderful. 

Over the years, several microcomputer manufacturers tried to invent their own 
versions of BASIC, to avoid paying royalties to Bill Gates. They were sorry! 

For example, Radio Shack tried hiring somebody else to write Radio Shack's 
BASIC. That person quit in the middle of the job; so Radio Shack's original BASIC 
was never completed. Nicknamed "Level 1 BASIC", it was a half-done mess. Radio 
Shack, like an obedient puppy dog, then went to Bill, who finally wrote a decent 
version of BASIC for Radio Shack; Bill's version was called "Level 2". Today, Radio 
Shack uses further improvements on Bill's Level 2 BASIC. 

Apple's original attempt at BASIC was called "Apple Integer BASIC". It was 
written by Steve Wozniak and was terrible: it couldn't handle decimals, and it made 
the mistake of imitating Hewlett-Packard instead of DEC (because Steve had worked 
at Hewlett-Packard). Eventually, Steve wised up and hired Bill, who wrote Apple's 
better BASIC, called Applesoft (which means "Apple BASIC by Microsoft"). 
Applesoft was intended for tapes, not disks. Later, when Steve Wozniak wanted to 
add disks to the Apple computer, he made the mistake of not rehiring Bill— which is 
why Apple's disk system is worse than Radio Shack's. 

At Atari, an executive who didn't want to hire Bill made the mistake of hiring the 
inventor of Apple's disastrous DOS. That guy's BASIC, which is called Atari BASIC, 
resembles Hewlett-Packard's BASIC. Like Apple's DOS, it it looks pleasant at first 
glance but turns into a nightmare when you try to do any advanced programming. As 
a result, Atari's computers never became as popular as Atari hoped, and the 
executive who "didn't want to hire Bill" was fired. Atari finally hired Bill's company, 
which wrote Atari Microsoft BASIC version 2. 

Two other microcomputer manufacturers—WNorth Star Computers and APF—tried 
developing their own versions of BASIC, to avoid paying royalties to Bill. Since 
their versions of BASIC were lousy, they went out of business. 

While DEC, Hewlett-Packard, Microsoft, and other companies were developing 
their own versions of BASIC, professors back at Dartmouth College were still 
tinkering with Dartmouth BASIC version 6. In 1976, Professor Steve Garland added 
more commands from ALGOL, PL/I, and PASCAL to Dartmouth BASIC. He called his 
version "Structured BASIC" or SBASIC. 

One of BASIC's inventors, Professor Tom Kurtz, became chairman of an ANSI 
committee to standardize BASIC. His committee published two reports. 
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The 1977 report defined ANSI Standard Minimal BASIC, a minimal standard that 
all advertised versions of "BASIC" should live up to. That report was quite 
reasonable, and everybody agreed to abide by it. (Microsoft's old versions of BASIC 
were written before that report came out. Microsoft Disk BASIC version 5 was 
Microsoft's first version to obey that standard.) 

In 1985, ANSI created a more ambitious report, to standardize the most advanced 
aspects of BASIC. The report said that the advanced aspects of BASIC should 
closely follow SBASIC and the other versions developed at Dartmouth. But Bill 
Gates, who invented Microsoft BASIC and was also one of the members of the 
committee, disliked some aspects of Dartmouth's BASIC and quit the committee. (He 
was particularly annoyed by the committee's desire to include Dartmouth's MAT 
commands, which consume lots of RAM and which hardly anybody uses.) He refused 
to follow the committee's recommendations. 

That left two standards for advanced BASIC: the "official" standard, defined by 
the ANSI committee; and the "de facto" standard, which is Bill Gates' GW BASIC, the 
version of BASIC that most people use. 

The two standards are quite different from each other. For example, in GW 
BASIC you say: 


10 INPUT "WHAT IS YOUR NAME"; AS 
In ANSI BASIC, you say this instead: 
10 INPUT PROMPT "WHAT IS YOUR NAME? "': AS 


Notice that in ANSI BASIC, you must insert the word PROMPT after INPUT, insert a 
question mark and blank space before the second quotation mark, and type a colon 
instead of a semicolon. 

Tom Kurtz (who chaired the ANSI committee) and John Kemeny (who invented 
BASIC with Tom Kurtz) put ANSI BASIC onto Dartmouth's computer. So ANSI BASIC 
became Dartmouth's seventh official version of BASIC. 

Then Kurtz and Kemeny left Dartmouth and formed their own company, which 
invented True BASIC. It's a version of ANSI BASIC that runs on the IBM PC and the 
Apple Macintosh. ' 

In some ways, True BASIC is slightly better than Microsoft's GW BASIC and 
Quick BASIC. In other ways, True BASIC is slightly worse. Since Microsoft's 
BASICs have become the de facto standard, and since True BASIC isn't significantly 
better, hardly anybody is switching from Microsoft BASIC to True BASIC. 

Comparison chart. This chart compares the most popular versions of BASIC for 
microcomputers today: 
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It shows which versions of BASIC understand these 9 words: USING, LINE, 
CIRCLE, SOUND, PLAY, SAY, ELSE, END IF, and SUB. 

The versions of BASIC at the top of the chart (Amiga BASIC, Quick BASIC, and 
Turbo BASIC) are the best: they understand 8 of the 9 words. The versions of 
BASIC at the bottom of the chart (Commodore 64 BASIC & VIC-20 BASIC) are the 
worst: they understand none of the words. 
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Here's what those 9 words accomplish. The word USING (which you put 
immediately after the word PRINT) lets you control how many digits the computer will 
print after the decimal point. LINE makes the computer draw a diagonal line across 
the screen. CIRCLE makes the computer draw a circle as big as you wish. SOUND 
and PLAY make the computer create music. SAY makes the computer talk. ELSE and 
END IF let you create fancy IF statements. SUB lets you name subroutines. 

Although the Commodore 128 and Radio Shack TRS- 80 Color Computer are cheap, 
the chart shows their versions of BASIC are better than the Apple 2c's. If schools 
would buy Commodore 128 and Radio Shack TRS-80 Color Computers instead of 
Apples, students would become better programmers! 


PL/I 
During the early 1960's, IBM sold two kinds of computers. One kind was for use by 
scientists; the other kind was for use by business bookkeepers. For the scientific 
kind of computer, the most popular language was FORTRAN. For the business kind 
of computer, the most popular language was COBOL. 

In 1962, IBM secretly began working on a project to create a single, large 
computer that could be used by everybody: scientists and businesses. IBM called it 
the /BM 360, because it could handle the full circle of applications. 

What language should the IBM 360 be programmed in? IBM decided to invent a 
Single language that could be used for both science and business. 

IBM's first attempt at such a language was "FORTRAN V". It ran all the 
FORTRAN IV programs but also included commands for handling strings and fields in 
data files. But IBM never announced FORTRAN V to the public; instead, in 1963 IBM 
began working on a dramatically more powerful language called "FORTRAN -VI", 
which would resemble FORTRAN but be much more powerful and modern (and hence 
incompatible). It would also include a// the important features of COBOL and ALGOL. 

As work on FORTRAN VI progressed, IBM realized it would be so different from 
traditional FORTRAN that it should have a different name. In 1964, IBM changed the 
name to "NPL" (New Programming Language), since the language was intended to go 
with the IBM 360 and the rest of IBM's New Product Line. 

When IBM discovered that the letters "NPL" already stood for the National 
Physics Laboratory in England, IBM changed the language's name to Programming 
Language One (PL/I), to brag it was the first good programming language and all its 
predecessors were worth zero by comparison. 

Troublesome timing. The committee that invented FORTRAN VI, NPL, and PL/I 
had a hard time. The committee consisted of just 6 official members (3 from IBM and 3 
from a FORTRAN user group). A few friends of the committee attended also. The 
committee could meet only on weekends, and only in hotel rooms in New York State 
and California. The first meeting was in October 1963 (at the Motel-on-the-Mountain 
on the New York Thruway), and IBM insisted that the entire language design be 
finished by December. It was a rush job! 

The committee didn't meet the deadline. It finished two months late, in February. 

After the design was finished, the language still had to be put onto the computer. 
Since that took 23 more years of programming and polishing, the language wasn't 
available for sale to IBM's customers until August 1966. 

That was too late. It was after IBM had already begun shipping the IBM 360. The 
360's customers continued using FORTRAN and COBOL, since PL/I wasn't available 
initially. After those customers bought, installed, and learned how to use FORTRAN 
and COBOL on the 360, they weren't willing to switch to PL/I. Switching was too 
much trouble. 

Other troubles. PL/I was expensive to run. It required twice as much RAM as 
COBOL, four times as much RAM as FORTRAN. It ran slowly: it took 1} times as long 
to compile as COBOL, twice as long as FORTRAN. 

Another obstacle to PL/I's acceptance was lethargy: most programmers already 
knew FORTRAN and COBOL, felt that those languages were reasonably satisfactory, 
and weren't willing to spend the time to learn something new. 
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Some programmers praise PL/I for being amazingly powerful. Others call it just a 
ruse by IBM to get people to buy more RAM. Others call it a disorganized mess, an 
"ugly kitchen sink of a language", thrown together by a committee that was in too 
much of a rush. 

Since PL/I is such a large language, hardly anybody understands it all. As a 
typical harried PL/I programmer, you study just the part of the language you intend 
to use. But if you make a mistake, the computer might not gripe: instead, it might 
think you're trying to give a different PL/I command, from a different part of the 
language that you never studied. So instead of griping, the computer will perform an 
instruction that wasn't what you meant. 

Universities. Universities debated which language to teach freshmen. For a 
while, the choice was between FORTRAN (the "standard"), ALGOL (the "pure and 
simple"), and PL/I (the "powerful"). 

In 1972, Cornell University developed a stripped-down version of PL/I for 
students. That version, called PL/C, is a compromise between PL/I's power and 
ALGOL's pure simplicity. 

In 1975, The University of Toronto developed an even more stripped-down 
version of PL/I, and called it SP/k. Although it allows fewer statements than PL/C, 
it runs faster and prints messages that are even more helpful. SP/k comes in several 
sizes: the tiniest is SP/1; the largest is SP/8. 

Stripped-down versions of PL/I remained popular in universities until about 
1980, when they began to be replaced by PASCAL. 

Microcomputers. Digital Research invented a tiny version of PL/I for 
microcomputers, and called it PL/M. Unfortunately, PL/M can't handle decimals. 
PL/M was popular during the late 1970's and early 1980's, but most PL/M 
programmers eventually switched to C. 

Maxicomputers. PL/I is still used on large IBM computers, because it's the only 
language that includes enough commands to let programmers unleash IBM's full 
power. 

Statements. PL/I uses these statements for input and output: 


Statement's 


first word What the computer will do 


GET input from a terminal or simple file 

PUT print on a terminal or simple file 

OPEN start using a file 

CLOSE stop using a file 

READ input from a file whose picture is unedited 

WRITE print on a file whose picture is unedited 

DELETE delete an item from a file 

REWRITE replace an item in a file 

LOCATE print a "based" variable onto a file 

UNLOCK let other programs use the file 

FORMAT use a certain form for spacing the input and output 
DISPLAY chat with the operator sitting at the computer center's main terminal 


These statements interrupt: 


Statement's 


first word What the computer will do 


STOP stop the program 

Ex & stop a task (in a program that involves several tasks) 

HALT interrupt the program, and free the terminal to do other tasks 
DELAY pause for a certain number of milliseconds 


WAIT pause until other simultaneous routines have completed their tasks 
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These statements handle conditions: 


Statement's 


first word What the computer will do 


IF if a certain condition occurs now, do certain statements 

ON if a condition such as OVERFLOW ever occurs, do certain statements 
SIGNAL pretend a condition such as OVERFLOW occurs 

REVERT cancel the ON statements 


These statements handle variables: 


Statement's 


first word. What the computer will do 


DECLARE make some variables be integers, others be reals, etc. 

DEFAULT assume all variables are integers, or make a similar assumption 
ALLOCATE create a temporary variable 

FREE destroy a temporary variable, so its RAM can be used otherwise 


These statements handle general logic: 


Statement's 


first word What the computer will do 


GO go to a different line 

CALL go to a subroutine 

RETURN return from a subroutine to the main routine 

ENTRY Skip the previous lines of the subroutine and begin here instead 
PROCEDURE begin a program or subprogram 

DO begin a loop or compound statement 

BEGIN begin a block of statements 

END end a program, subprogram, loop, compound statement, or block 


Half of those statements are borrowed from FORTRAN, ALGOL, and COBOL. 


from FORTRAN: FORMAT, STOP, CALL, RETURN, DO 
from ALGOL: IF, GO, PROCEDURE, BEGIN, END 
from COBOL: OPEN, CLOSE, READ, WRITE, DISPLAY, EXIT 


Like ALGOL, PL/I requires a semicolon at the end of each statement. Besides the 
Statements listed above, you can also give an assignment statement (such as 
"N=5;"), a null statement (which consists of just a semicolon), and a preprocessor 
statement (which tells the computer how to create its own program). 
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PASCAL 
In 1968, a European committee tried to invent an improved version of ALGOL. The 
majority of the committee agreed on a version called "ALGOL 68". It was strange: it 
even required you to spell some commands backwards. 

A few members of the committee were dissidents who disagreed with the majority 
and thought ALGOL 68 was nuts. One of the dissidents, Niklaus Wirth, quit the 
committee and created his own version of ALGOL. He called his version PASCAL. 
Today, most computerists feel he was right and the majority of the committee was 
wrong: PASCAL is better than ALGOL 68. 

He wrote PASCAL in Switzerland, for a CDC maxicomputer that used punched 
ecards. His version of PASCAL couldn't handle video screens, couldn't handle 
random-access data files, and couldn't handle strings well. Those three limitations 
were corrected in later versions of PASCAL—especially the version invented at the 
University of California at San Diego (UCSD), which even includes LOGO-style 
commands that move a turtle. 

Apple's PASCAL. Apple Computer Company got permission to sell an Apple 
version of UCSD PASCAL. Apple ran full-page advertisements, bragging that the 
Apple 2 was the only popular microcomputer that could handle PASCAL. 

For $495, Apple Computer Company sold the "Apple Language System", which 
included 4 disks containing PASCAL, 2 disks containing souped-up BASIC, anda 
ecard containing 16K of extra RAM. Many people spent the $495 for PASCAL but were 
disappointed. They expected that by spending $495, they'd be able to write 
programs more easily, but they discovered that PASCAL is harder to learn than 
BASIC. 

PASCAL is helpful only if the program you're writing is very, very long. 
PASCAL helps you organize and dissect long programs more easily than BASIC. But 
the average Apple owner never writes long programs and never needs PASCAL. 

Many customers felt "ripped off": they had spent $495 and received no benefit in 
return. But maybe that's what "marketing" is all about. 

PASCAL's popularity. Many programmers who've been writing large FORTRAN 
programs for large computers are switching to PASCAL, because PASCAL helps 
organize large programs better, and because FORTRAN is archaic. Many 
programmers who've been using PL/I are switching to PASCAL, because PASCAL 
consumes less RAM than PL/I and fits in smaller computers. 

Most colleges require freshman computer-science majors to take PASCAL. 

Most high-school seniors who want to attend college take tests given by the 
College Entrance Examination Board. The most famous such test is the Scholastic 
Aptitude Test (SAT), but the board offers many others. One of the board's newest 
tests is the Advanced Placement Test in Computer Science; a high-school senior who 
scores high on that test can skip the first year of college computer-science courses 
and go immediately into college-sophomore courses. Since that test requires a 
knowledge of PASCAL, many high-school seniors are studying PASCAL. 

Best versions. Today, the most powerful PASCAL for microcomputers is Turbo 
PASCAL, published by Borland. It's available for the IBM PC, Apple Macintosh, and 
CP/M computers. It lists for about $100, but you can get it for about $60 from 
discount dealers. 

If you have a Macintosh, get either the Macintosh version of Turbo PASCAL or 
Macintosh PASCAL. If you have an Apple 2e or 2c, get Instant PASCAL (which is 
much easier to use than the UCSD PASCAL that was sold under the name "Apple 
PASCAL"). 

If you have a Radio Shack TRS-80 model 3 or 4, get PASCAL 80, which costs 
$79.95 from New Classics Software (239 Fox Hill Rd., Denville, NJ 07834, phone 
201-538-3131 days, 201-625-8838 evenings, ask for George Blank). If you're running 
a school, you'll love this deal: for just $279, you get the right to make unlimited 
copies of PASCAL 80 and use them throughout your school building. 


By 
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MODULA 
After Niklaus Wirth invented PASCAL, he began designing a more ambitious 
language, called MODULA. 

He designed the first version of MODULA in 1975. In 1979 he designed an 
improvement called MODULA-2. When today's programmers discuss "MODULA", they 
mean MODULA-2. 

MODULA ~-2 is very similar to PASCAL. Like PASCAL, MODULA-2 requires each 
program's main routine to begin with the word BEGIN; but MODULA-2 does not 
require you to say BEGIN after DO WHILE or IF THEN: 


PASCAL MODULA-2 
IF AGE<18 THEN IF AGE<18 THEN 
BEGIN WRITESTRINGC'YOU ARE STILL A MINOR"); 
WRITELNC'YOU ARE STILL A MINOR'); WRITESTRING CAH, THE JOYS OF YOUTH"); 
WRITELNC'AH, THE JOYS OF YOUTH'); ELSE 
END WRITESTRINGC'GLAD YOU ARE AN ADULT''); 
ELSE WRITESTRING CWE CAN HAVE ADULT FUN'') 
BEGIN END; 


WRITELNC'GLAD YOU ARE AN ADULT"); 
WRITELNC'WE CAN HAVE ADULT FUN'); 
END; 


That example shows four ways that MODULA-2 differs from PASCAL: MODULA-z 
says WRITESTRING instead of WRITELN, uses regular quotation marks (") instead 
of apostrophes, lets you omit the word BEGIN after IF and ELSE (and WHILE DO), 
and lets you omit the word END before ELSE. 

Advanced programmers like MODULA-2 better than PASCAL, because MODULA -2 
includes extra commands for handling subroutines. 


C 
Many programmers are starting to use C. 

How C arose. In 1963 at England's Cambridge University and the University of 
London, researchers developed a "practical" version of ALGOL and called it the 
Combined Programming Language (CPL). In 1967 at Cambridge University, Martin 
Richards invented a simpler, stripped-down version of CPL and called it Basic CPL 
(BCPL). In 1970 at Bell Labs, Ken Thompson developed a version that was even more 
stripped-down and simpler; since it included just the most critical part of BCPL, he 
called it B. 

But Ken had stripped down the language too much, so that the language no 
longer contained enough commands to do practical programming. In 1972, his 
colleague Dennis Ritchie added a few commands to B, to form a more extensive 
language. Since that language came after B, it was called C. 

So C is a souped-up version of B, which is a stripped-down version of BCPL, 
which is a stripped-down version of CPL, which is a "practical" version of ALGOL. 

Bell Labs invented an operating system called Unix. The original version of Unix 
was created by using B. The newest versions of Unix were created by using C 
instead, which is more powerful. 

C's peculiarities. Like B, Cis a tiny language. It doesn't even include any words 
for input or output. When you buy C, you also get a /ibrary of routines that can be 
added to C. The library includes words for input and output (such as printf and 
scanf) , math functions (such as sqrt), and other goodies. When you write a program 
in C, you can choose whichever parts of the library you need: the other parts of the 
library don't bother to stay in RAM. So if your program uses just a few of the 
library's functions, running it will consume very little RAM. It will consume less 
RAM than if the program were written in BASIC or PASCAL. 


lot 
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In BASIC, if you reserve 20 RAM locations for X (by saying DIM X(20)) and then 
say X(21)=3.7, the computer will gripe, because you haven't reserved a RAM 
location for X(21). If you use C instead, the computer will not gripe about that kind 
of error; instead, the computer will store the number 3.7 in the RAM location 
immediately after X(20), even if that location's already being used by another 
variable, such as Y. As a result, Y will get messed up. Moral: C programs run 
quickly and dangerously, because in C the computer never bothers to check your 
program's reasonableness. 

In your program, which variables are integers, and which are real? BASIC 
assumes they're all real. FORTRAN and PL/I assume all variables beginning with I, 
J, K, L, M, and N are integers and the rest are real. ALGOL and PASCAL make no 
assumptions at all; they require you to write a declaration saying "integer" or "real" 
for each variable. C, by contrast, assumes all variables are integers, unless you 
specifically say otherwise. 


ADA 
In 1975, the U.S. Department of Defense decided it wanted a new kind of computer 
language, so the Department wrote a list of requirements the language would have to 
meet. 

The original list of requirements was called the Strawman Requirements (1975). 
Then came improved versions, called Woodenman (1975), Tinman (1976), Ironman 
(1978), and finally Steelman (1979). 

While the Department was moving from Strawman to Steelman, it also checked 
whether any existing computer language could meet such requirements. The 
Department concluded that no existing computer language came even close to meeting 
the requirements, and so a new language would indeed have to be invented. The 
Department also concluded that the new language would have to resemble PASCAL, 
ALGOL 68, or PL/I, but be better. 

Contest. In 1977, the Department held a contest, to see which software company 
could invent a language meeting such specifications (which were in the process of 
changing from Tinman to Ironman). 16 companies entered the contest. 

The Department selected 4 semifinalists and paid them to continue their research 
for six more months. The semifinalists were ClIl-Honeywell-Bull (which is French 
and owned partly by Honeywell), Intermetrics (in Cambridge, Massachusetts), SRI 
International, and Softech. 

In 1978, the semifinalists submitted improved designs, which were all souped-up 
versions of PASCAL (instead of ALGOL 68 or PL/I). To make the contest fair and 
prevent bribery, the judges weren't told which design belonged to which company. 
The 4 designs were called "Green", "Red", "Yellow", and "Blue". 

Yellow and Blue lost. The winning designs were Green (designed by 
ClI-Honeywell-Bull) and Red (designed by Intermetrics). 

The Department paid the two winning companies to continue their research for 
one more year. In 1979, the winning companies submitted their improved versions. 
The winner was the Green language, designed by CII-Honeywell-Bull. 

The Department decided that the Green language would be called ADA to honor 
Ada Lovelace, the woman who was the world's first programmer. 

So ADA is a PASCAL-like language developed by a French company under 
contract to the U.S. Department of Defense. 

Popularity. Will ADA become popular? Wait and see. 

Many researchers are trying to make computers understand ADA. So far, the 
results are incomplete: you can buy disks containing parts of ADA, but the full 
version isn't on disk yet. 

When full versions of ADA become available and programmers try using them, 
we'll know whether the language is a pleasure or a pain. 
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DBASE 
DBASE was invented by Wayne Ratliff, because in 1978 he wanted to bet on which 
football teams would win. To bet wisely, he had to know how each team had scored in 
previous games, so every Monday he clipped pages of football scores from 
newspapers. Soon his whole room was covered with newspaper clippings. To reduce 
the clutter, he decided to write a data-management program to keep track of all the 
statistics. 

He worked at the Jet Propulsion Laboratory (JPL). His coworkers had invented a 
data-management system called the JPL Display and Information System (JPLDIS), 
which imitated IBM's RETRIEVE. 

Unfortunately, RETRIEVE and JPLDIS both required maxicomputers. Working at 
home, he invented VULCAN, a stripped-down version of JPLDIS that was small 
enough to run on the CP/M microcomputer in his house. It was even good enough to 
let him compile football statistics—though by then he'd lost interest in football and 
was more interested in data management for its own sake. 

In 1979, he advertised his VULCAN data-management system in Byte Magazine. 
The mailman delivered so many orders to his house that he didn't have time to fill 
them all—especially since he still had a full-time job at JPL. He stopped advertising, 
to give himself a chance to catch up on filling the orders. 

In 1980, the owners of Discount Software phoned him, visited his home, examined 
VULCAN, and offered to market it for him. He agreed. 

Since "Discount Software" was the wrong name to market VULCAN under, 
Discount Software's owners—Hal Lashlee and George Tate--thought of marketing 
VULCAN under the name "Lashlee-Tate Software". But since the "Lashlee" part 
Sounded too wimpy, they changed the name to Ashton-Tate Software. 

Instead of selling the original version of VULCAN, Ashton-Tate Software decided 
to sell Wayne's further improvement, called DBASE 2. It ran faster, looked prettier 
on the screen, and was easier to use. 

At Ashton-Tate, George Tate did most of the managing. Hal Lashlee was a silent 
partner who just contributed capital. 

Advertisement. George Tate hired Hal Pawluck to write an ad for DBASE 2. Hal's 
ad was ingenious. It showed a photograph of a bilge pump (the kind of pump that 
removes water from a ship's bilge). The ad's headline said: "DBASE versus the Bilge 
Pump". The ad went on to say that most database systems are like bilge pumps: they 
suck! 

That explicit ad appeared in /nfoworld, which was a popular, concise weekly 
newspaper read by all computer experts. Suddenly, all experts knew that DBASE 
was the database-management system that claimed not to suck. 

The ad generated just one serious complaint—from the company that 
manufactured the bilge pump! 

George Tate offered to add a footnote, saying "This bilge pump does not suck". 
The pump manufacturer didn't like that either but stopped complaining. 

Beyond DBASE 2. The original DBASE 2 ran on computers using the CP/M 
operating system. It worked well. When IBM began selling the IBM PC, Wayne 
invented an IBM PC version of DBASE 2, but it was buggy. 

He created those early versions of DBASE by using assembly language. By using 
C instead, he finally created an IBM PC version that worked reliably and included 
extra commands. He called it DBASE 3. 

DBASE 2 and DBASE 3 were sold as programming languages, but many people who 
wanted to use databases didn't want to learn programming and didn't want to hire a 
programmer. So Ashton-Tate created a new version, called DBASE 3 PLUS, which 
you can control by using menus instead of typing programming commands. 

Unfortunately, the menus of DBASE 3 PLUS are hard to learn how to use. Also, 
the menus are incomplete: they don't let you tap the full power of DBASE 3 PLUS. So 
to use DBASE 3 PLUS well, you must learn how to program anyway. 
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Ashton-Tate has become a stodgy bureaucracy. George Tate has died, Wayne 
Ratliff has quit, the company's list price for DBASE 3 PLUS remains ridiculously 
high ($695), and the company is unhelpful to DBASE 3 PLUS users. Although the 
company's employees are developing a DBASE 4, it's not much better than DBASE 3 
PLUS. 

The most dramatic improvements to DBASE are being created by independent 
companies who make clones of DBASE 3 PLUS that outshine DBASE 3 PLUS itself! The 
most popular clones are CL/PPER (which includes extra commands), FOXBASE 
(which runs extra-fast), and DBXL (which costs the least). 


EASY 
EASY is a language I developed several years ago. It combines the best features of 
all other languages. It's easy to learn, because it uses just these twelve keywords: 


SAY & GET 
Cee 


REPEAT & SKIP 
HERE 


LkeS: PICK 
LOOP 


PREPARE & DATA 
HOW 


Here's how to use them... . 
SAY. EASY uses the word SAY instead of BASIC's word PRINT, because SAY is 
briefer. If you want the computer to say the answer to 2+2, give this command: 


SAY 2+2 
The computer will say the answer: 
4 


Whenever the computer prints, it automatically prints a blank space afterwards 
but does not press the ENTER key. So if you run this program— 


SAY LOVE. 
SAY "HATE" 


the computer will say: 
LOVE HATE 

Here's a fancier example: 
SAY "LOVE" AS 3 AT 20 15 TRIM ! 


The "AS 3" is a format: it makes the computer print just the first 3 letters of LOVE. 
The "AT 20 15" makes the computer begin printing LOVE at the screen's pixel whose 
X coordinate is 20 and whose Y coordinate is 15. The computer usually prints a blank 
Space after everything, but the word TRIM suppresses that blank space. The 
exclamation point makes the computer press the ENTER key afterwards. 

Here's another example: 


SAY TO SCREEN PRINTER HARRY 


It means that henceforth, whenever you give a SAY command, the computer will 
print the answer simultaneously onto your screen, onto your printer, and onto a 


disk file named HARRY. If you ever want to cancel that "SAY TO" command, give a 
"SAY TO" command that contradicts it. 
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GET. EASY uses the word GET instead of BASIC's word INPUT, because GET is 
briefer. The command GET X makes the computer wait for you to input a value of X. 
Above the GET command, you typically put a SAY command that makes the computer 
ask a question. 

You can make the GET command fancy, like this: 


GET X AS 3 AT 20 15 WAIT 5 


The "AS 3" tells the computer that X will be just 3 characters; the computer waits for 
you to type just 3 characters and doesn't require you to press the ENTER key 
afterwards. The "AT 20 15" makes the computer move to pixel 20 15 before your 
typing begins, so your input appears at that part of the screen. The "WAIT 5" makes 
the computer wait just 5 seconds for your response. If you reply within 5 seconds, 
the computer sets TIME equal to how many seconds you took. If you do not reply 
within the 5 seconds, the computer sets TIME equal to -1. 
LET. The LET statement resembles BASIC's. For example, you can say: 


LET R=4 

To let R be a random decimal, type: 
LET R=RANDOM 
To let R be a random integer from 1 to 6, type: 
LET R=RANDOM TO 6 
To let R be a random integer from -3 to 5, type: 
LET R=RANDOM FROM -3 TO 5 


REPEAT. If you put the word REPEAT at the bottom of your program, the 
computer will repeat the entire program again and again, forming an infinite loop. 

SKIP. If you put the word SKIP in the middle of your program, the computer will 
skip the bottom part of the program. SKIP is like BASIC's END or STOP. 

HERE. In the middle of your program, you can say: 


HERE IS FRED 


An earlier line can say SKIP TO FRED. A later line can say REPEAT FROM FRED. 
The SKIP TO and REPEAT FROM are like BASIC's GO TO. 


4 


ie 
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IF. In your program, a line can say: 


IF X<3 
Underneath that line, you must put some indented lines, which the computer will do 
if X<3. 

Suppose you give a student a test on which the score can be between 0 and 100. If 
the student's score is 100, let's make the computer say "PERFECT"; if the score is 
below 100 but at least 70, let's make the computer say the score and also say "OKAY 
THOUGH NOT PERFECT"; if the score is below 70, let's make the computer say "YOU 
FAILED". Here's how: 


IF SCORE=100 

SAY ereRecc. 
IF SCORE<100 AND SCORE>=70 

SAY SCORE 

SAY "OKAY THOUGH NOT PERFECT" 
IF SCORE<70 

SAY "YOU FAILED" 


To shorten the program, use the words NOT and BUT: 


IF SCORE=100 

SATs) PERPECIS 
IF NOT BUT SCORE>=70 

SAY SCORE 

SAY "OKAY THOUGH NOT PERFECT" 
IF NOT 

SAY "YOU FAILED" 


The phrase "IF NOT" is like BASIC's ELSE. The phrase "IF NOT BUT" is like 
BASIC's ELSE IF. 

PICK. You can shorten that example even further, by telling the computer to 
pick just the first IF that's true: 


PICK SCORE 
IF 100 
DAY@EPERFECT 
IF >=70 
SAY SCORE 
SAY "OKAY THOUGH NOT PERFECT" 
IF NOT 
SAY "YOU FAILED" 


LOOP. If you put the word LOOP above indented lines, the computer will do those 
‘lines repeatedly. For example, this program makes the computer say the words CAT 
and DOG repeatedly: 


LOOP 
SAY "CAT" 
SAY "DOG" 


This program makes the computer say 5, 8, 11, 14, and 17: 


LOOP, T FROM 5 BY 3°10 17 
SAY I 


That LOOP statement is like BASIC's "FOR I = 5 TO 17 STEP 3". If you omit the "BY 
3", the computer will assume "BY 1". If you omit the "FROM 5", the computer will 
assume "FROM 1". If you omit the "TO 17", the computer will assume "to infinity". 

To make the computer count down instead of up, insert the word DOWN, like this: 


LOOP I FROM 17 DOWN BY 3 TO 5 
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PREPARE. To do an unusual activity, you should PREPARE the computer for it. 


For example, if you want to use subscripted variables such as X(100), you should 
tell the computer: 


PREPARE X(100) 


In that example, PREPARE is like BASIC's DIM. 


DATA. EASY's DATA statement resembles BASIC's. But instead of saying READ 
mM, Say: 


LET X=NEXT 
HOW. In EASY, you can give any command you wish, such as: 
PRETEND YOU ARE HUMAN | 


If you give that command, you must also give an explanation that begins with the 
words: 


HOW TO PRETEND YOU ARE HUMAN 


Interrelated features. In the middle of a loop, you can abort the loop. To skip out 
of the loop (and progress to the rest of the program), say SKIP LOOP. To hop back 
to the beginning of the loop (to do the next iteration of loop), say REPEAT LOOP. 

Similarly, you can say SKIP IF (which makes the computer skip out of an IF) and 
REPEAT IF (which makes the computer repeat the IF statement, and thereby imitate 
PASCAL's WHILE). 

Apostrophe. Like BASIC, EASY uses an apostrophe to begin a comment. The 
computer ignores everything to the right of an apostrophe, unless the apostrophe is 
between quotation marks or in a DATA statement. 

Comma. If two statements begin with the same word, you can combine them into a 
single statement, by using a comma. 

For example, instead of saying— 


LET X=4 
LET Y=7 
you can say: 
LET X=4, Y=7 


Instead of saying— 


PRETEND YOU ARE HUMAN 
PRETEND GOD IS DEAD 


you can say: 
PRETEND YOU ARE HUMAN, GOD IS DEAD 


More info. I stopped working on EASY in 1982, but I expect to continue 
development again soon. To get on my mailing list of people who want more details 
and updated information about EASY, phone me at 617-666-2666 or send me a 
postcard. 
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LISP 
LISP is the only language made specifically to handle lists of concepts. It's the most 
popular language for research into artificial intelligence. 

It's the father of LOGO, which is "oversimplified LISP" and the most popular 
language for young children. It inspired PROLOG, which is a LISP-like language 
that lets you make the computer imitate a wise expert and become an expert system. 

Beginners in artificial intelligence love to play with LOGO and PROLOG, which 
are easier and more fun than LISP. But most professionals continue to use LISP, 
because it's more powerful than its children. 

The original version of LISP was called L/SP 1. Then came an improvement, called 
LISP 1.5 (because it wasn't different enough from LISP 1 to rate the title "LISP 2"). 
Then came a slight improvement on LISP 1.5, called L/SP 7, 6. The newest version of 
LISP is called Common LISP; it runs on maxicomputers, minicomputers, and 
microcomputers. 

I'll explain "typical" LISP, which is halfway between LISP 1.6 and Common LISP. 

Typical LISP uses these symbols: 


BASIC LISP 

5+2 (PLUS 5 2) 

Sj (DIFFERENCE 5 2) 

5*2 CTIMES 5" 2) 

py fe (QUOTIENT 5 2) 

Zigi's EXP Imo 2) 

LOVE" "LOVE Older versions say: (QUOTE LOVE) 
If you want the computer to add 5 and 2, just type: 

(PLUS 5 2) 


When you press the ENTER key at the end of that line, the computer will print the 
answer. (You do not have to say PRINT or any other special word.) The computer 
will print: 


7 
If you type— 
CPEUS <1 US eleriD 
the computer will add 1, 3, 1, and 1 and print: 
6 
If you type— 
(DIFFERENCE 7 (TIMES 2 3)) 
the computer will find the difference between 7 and 2*3 and print: 
4 
If you type— 
"LOVE 
the computer will print: 


LOVE 


Notice that you must type an apostrophe before LOVE but must not type an 


Be pees afterwards. The apostrophe is called a single quotation mark (or a 
quote). 
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You can put a quote in front of a word (such as 'LOVE) or in front of a 
parenthesized list of words, such as: 


"(LAUGH LOUDLY) 
That makes the computer print: 
(LAUGH LOUDLY) 


LISP 1, LISP 1.5, and LISP 1.6 don't understand the apostrophe. On those old 
versions of LISP, say (QUOTE LOVE) instead of 'LOVE, and say (QUOTE (LAUGH 
LOUDLY)) instead of '(LAUGH LOUDLY). 

The theory of lists. LISP can handle lists. Each list must begin and end with a 
parenthesis. Here's a list of numbers: (57 4 2). Here's a list of words: (LOVE HATE 
WAR PEACE DEATH). 

Here's a list of numbers and words: (2 WOMEN KISS 7 MEN). That list has five 
items: 2, WOMEN, KISS, 7, and MEN. 

Here's a list of four items: (HARRY LEMON (TICKLE MY TUBA TOMORROW AT 
TEN) RUSSIA). The first item is HARRY; the second is LEMON;; the third is a list; 
the fourth is RUSSIA. 

In a list, the first item is called the CAR, and the remainder of the list is called 
the CDR (pronounced "could er" or "udder" or "coo der"). For example, the CAR 
of (SAILORS DRINK WHISKEY) is SAILORS, and the CDR is (DRINK WHISKEY). 

To make the computer find the CAR of (SAILORS DRINK neta De type this: 


(CAR 'CSAILORS DRINK WHISKEY) ) 
The computer will print: 
SAILORS 
If you type— 
(CDR "CSAILORS DRINK WHISKEY)) 
the computer will print: 
(DRINK WHISKEY) 
If you type— 
(CAR (CDR 'CSAILORS DRINK WHISKEY)) 


the computer will find the CAR of the CDR of (SAILORS DRINK WHISKEY). Since the 
CDR of (SAILORS DRINK WHISKEY) is (DRINK WHISKEY), whose CAR is DRINK, 
the computer will print: 


DRINK 


You can insert an extra item at the beginning of list, to form a longer list. For 
example, you can insert MANY at the beginning of (SAILORS DRINK WHISKEY), to 
form (MANY SAILORS DRINK abn ied To do that, tell the computer to CONStruct 
the longer list, by typing: 


(CONS "MANY 'CSAILORS DRINK WHISKEY) ) 
The computer will print: 
(MANY SAILORS DRINK WHISKEY) 


Notice that CONS is the opposite of CAR and CDR. The CONS combines MANY 
with (SAILORS DRINK WHISKEY) to form (MANY SAILORS DRINK WHISKEY). The 
CAR and CDR break down (MANY SAILORS DRINK WHISKEY), to form MANY and 


(SAILORS DRINK WHISKEY). 
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Variables. To make X stand for the number 7, say: 
(SETQ X 7) 
Then if you say— 
(PLUS X 2) 


the computer will print 9. 
To make Y stand for the word LOVE, say: 


CSET OSyY= COVE? 

Then if you say— 

Y 

the computer will say: 


LOVE 
To make STOOGES stand for the list (MOE LARRY CURLEY), say: 


(SETQ STOOGES '(MOE LARRY CURLEY)) 


Then if you say— 

STOOGES 

the computer will say: 

(MOE LARRY CURLEY) 

To find the first of the STOOGES, say: 
(CAR STOOGES) 

The computer will say: 

MOE 


Your own functions. You can define your own functions. For example, you can 
define (DOUBLE X) to be 2*X, by typing this: 


(DEFUN DOUBLE (X) 
CTIMES* 2X) 
) 


Then if you say— 
(DOUBLE 3) 

the computer will print: 
6 


REPEAT. Let's define REPEAT to be a function, so that (REPEAT 'LOVE 5) is 
(LOVE LOVE LOVE LOVE LOVE), and (REPEAT 'KISS 3) is (KISS KISS KISS), and 
(REPEAT 'KISS 0) is (). 

If N is 0, we want (REPEAT X N) to be (). 

If N is larger than 0, we want (REPEAT X N) to be a list of N X's. That's X 
followed by N-1 more X's. That's the CONS of X with a list of N-1 more X's. That's 
the CONS of X with (REPEAT X (DIFFERENCE N 1)). That's (CONS X (REPEAT X 
(DIFFERENCE N 1))). That's (CONS X (REPEAT X (SUB1 N))), since (SUB1 N) 
means N-1 in LISP. 
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You can define the answer to (REPEAT X N) as follows: if N is 0, the answer is 
(); if N is not 0, the answer is (CONS X (REPEAT X (SUB1N))). Here's how to type 
that definition: 


(DEFUN REPEAT (X N) 
(COND 
(CZEROP N) ()) 
(T (CONS X (REPEAT X (SUB1 N)))) 


) 


The top line says you're going to DEfine a FUNction called REPEAT (X N). The next 

line says the answer depends on CONDitions. The next line gives one of those 

conditions: if N is ZERO, the answer is (). The next line says: otherwise, the value 

is (CONS X (REPEAT X (SUB1N))). The next line closes the parentheses opened in 

the second line. The bottom line closes the parentheses opened in the top line. 
Then if you type— 


(REPEAT ‘LOVE 5) 
the computer will print: 
(LOVE LOVE LOVE LOVE LOVE) 


The definition is almost circular: the definition of REPEAT assumes you already 
Know what REPEAT is. For example, (REPEAT 'KISS 3) is defined as the CONS of 
KISS with the following: (REPEAT 'KISS 2), which is defined as the CONS of KISS 
with the following: (REPEAT 'KISS 1), which is defined as the CONS of KISS with 
the following (REPEAT 'KISS 0), which is defined as (). 

That kind of definition, which is almost circular, is called recursive. You can 
say, "The definition of REPEAT is recursive", or "REPEAT is defined recursively" , 
or "REPEAT is defined by recursion", or "REPEAT is defined by induction", or 
"REPEAT is a recursive function". LISP was the first popular language that allowed 
recursive definitions. 

When the computer uses a recursive definition, the computer refers to the 
definition repeatedly before getting out of the circle. Since the computer repeats, 
it's performing a loop. In traditional BASIC and FORTRAN, the only way to make the 
computer perform a loop is to say GO TO or FOR or DO. Although LISP contains a 
go-to command, LISP programmers avoid it and write recursive definitions instead. 

ITEM. As another example of recursion, let's define the function ITEM so that 
(ITEM N X) is the Nth item in list X, and so that (ITEM 3 '(MANY SAILORS DRINK 
WHISKEY) ) is the 3rd item of (MANY SAILORS DRINK WHISKEY), which is DRINK. 

If N is 1, (ITEM N X) is the first item in X, whichis the CAR of X, whichis (CAR 
2, ke 
If N is larger than 1, (ITEM N X) is the Nthitemin X. That's the (N-1)th item in 
the CDR of X. That's (ITEM (SUB1 N) (CDR X)). 

So define (ITEM N X) as follows: if N is 1, the answeris (CAR X); if N is not 1, 
the answer is (ITEM (SUB1 N) (CDR X)). Here's what to type: 


(DEFUN ITEM (N X) 
(COND 
CCONEP N) ()) 
(T CITEM (SUB1 N) CCDR X)))) 


) 
If your computer doesn't understand (ONEP N), say (EQUAL 1N) instead. 
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SNOBOL 
SNOBOL lets you analyze strings more easily than any other language. It can handle 


numbers also. 
Simple example. Here's a simple SNOBOL program: 


Ar= 2 
B=A + 10.6 
C = "BODY TEMPERATURE IS 9" B 


OUTPUT = "MY " C 
END 


When you type the program, indent each line except END. Indent at /east one 
space; you can indent more spaces if you wish. Put spaces around the symbol =, the 
symbol +, and other operations. 

The first line says A is the integer -2. The next line says B is the real number 
8.6. The next line says C is the string "BODY TEMPERATURE IS 98.6". The next 
line makes the computer print: 


BODY TEMPERATURE IS 98.6 


In SNOBOL, a variable's name can be short (like A or B or C) or as long as you 
wish. The variable's name can even contain periods, like this: 


NUMBER.OF.BULLIES.1I.SQUIRTED 
Looping. This program's a loop: 


FRED OUTPUR =" CAT 
OUTPUT = "DOG" : (FRED) 


END 

The first line (whose name is FRED) makes the computer print: 
CAT 

The next line makes the computer print— 

DOG 

and then go to FRED. Altogether the computer will print: 


CAT 
DOG 
CAT 
DOG 
CAT 
DOG 
etc. 
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Replacing. SNOBOL lets you easily replace one phrase by another. 


X = "SIN ON A PIN WITH A DIN" 
X ENG = "UCK" 
OUTPUT = X 

END 


The first line says X is the string "SIN ON A PIN WITH A DIN". The next line says: 
in X, replace the first "IN" by "UCK". So X becomes "SUCK ON A PIN WITH A DIN". 
The next line says the output is X, so the computer will print: 


SUCK ON A PIN WITH A DIN 


That program changed the first "IN" to "UCK". Here's how to change every "IN" 
to," UCK": 


X = "SIN ON A PIN WITH A DIN" 


ee LN = UCK! 
X TNS = "UCK" 
X TN = *uCK" 
OUTPUT = X 


END 


The first line says X is "SIN ON A PIN WITH A DIN". The second line replaces an 
"IN" by "UCK", so X becomes "SUCK ON A PIN WITH A DIN". The next line replaces 
another "IN" by "UCK", so X becomes "SUCK ON A PUCK WITH A DIN". The next 
line replaces another "IN", so X becomes "SUCK ON A PUCK WITH A DUCK", which 
the next line prints. 

This program does the same thing: 


X = "SIN ON A PIN WITH A DIN" 
LOOP Me iN =P eUEK eS CLOOP) 
OUTPUT = X 


END 


The first line says X is "SIN ON A PIN WITH A DIN". The next line replaces "IN" 
successfully, so X becomes "SUCK ON A PIN WITH A DIN". At the end of the line, 
the :S(LOOP) means: if Successful, go to LOOP. So the computer goes back to 
LOOP. The computer replaces "IN" successfully again, so X becomes "SUCK ON A 
PUCK WITH A DIN", and the computer goes back to LOOP. The computer replaces 
"IN" successfully again, so X becomes "SUCK ON A PUCK WITH A DUCK", and the 
computer goes back to LOOP. The computer tries to replace "IN" again; but since X 
doesn't contain an "IN" now, the computer does not succeed. So the computer 
ignores the :S(LOOP) and proceeds instead to the next line, which prints: 


SUCK ON A PUCK WITH A DUCK 
Deleting. This program deletes the first "IN": 


X = "SIN ON A PIN WITH A DIN" 
X ViENT 
OUTPUT 


X 
END 


The second line says to replace an "IN" by nothing, so the "IN" gets deleted. X 
becomes "S ON A PIN WITH A DIN", which the computer will print. 
This program deletes every "IN": 


X = "SIN ON A PIN WITH A DIN" 
LOOP Xe INT = = S< COOP) 

OUTPUT = X 
END 


The computer will print: 
S ON A P WITH A D 
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Counting. Let's count how often "IN" appears in "SIN ON A PIN WITH A DIN". To 
do that, delete each "IN"; but each time you delete one, increase the COUNT by 1: 


X = "SIN ON A PIN WITH A DIN" 
COUNT = O 
LOOP X "IN' = :FCENDING) 
COUNT = COUNT + 1 : (LOOP) 
ENDING OUTPUT = COUNT 
END 


The third line tries to delete an "IN": if successful, the computer proceeds to the 
next line, which increases the COUNT and goes back to LOOP; if failing (because no 
"IN" remains), the computer goes to ENDING, which prints the COUNT. The 
computer will print: 


3 


How SNOBOL developed. At MIT during the 1950's, Noam Chomsky invented a 
notation called transformational-generative grammar, which helps linguists analyze 
English and translate between English and other languages. His notation was 
nicknamed "linguist's algebra", because it helped linguists just as algebra helped 
scientists. (A decade later, he became famous for also starting the rebellion against 
the Vietnam War.) 

Chomsky's notation was for pencil and paper. In 1957 and 1958, his colleague 
Victor Yngve developed a computerized version of Chomsky's notation: the 
computerized version was a language called COM/T. It was nicknamed "linguist's 
FORTRAN", because it helped linguists just as FORTRAN helped engineers. 

COMIT manipulated strings of words. In 1962 at Bell Telephone Laboratories (Bell 
Labs), Chester Lee invented a variant called the Symbolic Communication Language 
(SCL), which manipulated strings of mathematical symbols instead of words and 
helped mathematicians do abstract mathematics. 

A team at Bell Labs decided to invent a language similar to SCL, but easier to 
learn and including features from COMIT. At first, they called their new language 
"SCL7", because it resembled SCL. Then they changed its name to "SEXI" (which 
stands for String EXpression Interpreter), but the management of Bell Labs didn't 
like sex. Then, as a joke, they named it SNOBOL, using the flimsy excuse that 
SNOBOL stands for StriNg-Oriented symBOlic Language. 

Cynics jeered that SNOBOL didn't have "a snowball's chance in Hell". But the 
cynics were wrong, and SNOBOL became popular. It was used mainly for writing 
programs that translate between computer languages. (For example, you could write 
a SNOBOL program that translates FORTRAN into BASIC.) 

Which is better: COMIT or SNOBOL? People who like Chomsky's notation (such as 
eee prefer COMIT. People who like algebra (such as scientists) prefer 

NOBOL. 

SNOBOL's supporters were more active than COMIT's: they produced SNOBOL 2, 
SNOBOL 3, SNOBOL 4, and SNOBOL 4B, taught SNOBOL to the newest computers, 
wrote many books about SNOBOL, and emphasized that SNOBOL can solve any 
problem about strings, even if the problem has nothing to do with linguistics. They 
won: most people use SNOBOL instead of COMIT, though COMIT might still make a 
comeback. 

Today, most versions of SNOBOL are named after baseball pitching 


methods—such as FASBOL, SLOBOL, and SPITBOL. (SPITBOL stands for SPeedy 
ImplemenTation of snoBOL. ) 


—_——__ »", __—_s 
eS 4," === 
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APL 
APL lets you manipulate lists of numbers more easily than any other language. 
APL uses special characters that aren't on a normal keyboard. 


< < > > - 
meter) Sitccreake | 13 | Ss) ee 
"IL =WlelsLaG ist) (ll 
W Tee vee Oe er ist SUSE 
: ; A P RETURN 
a ee e 
ee ae eee 
er ai ah Mil a ag \ 
tupemenmn| S| Phe | YEE Lt ee eles. 
SPACE 


To compute 8+9, type this: 
8+9 
Notice the line is indented. Whenever it's your turn to type, the computer 
automatically indents the line for you. 
When you press the RETURN key at the end of that line, the computer will print 


the answer. (You don't have to say PRINT or any other special word.) The computer 
will print: 


ws 
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Scalar operators. APL uses these scalar operators: 
APL name Symbol Meaning 


PLUS A+B add 

identity +B same as just B 

MINUS A-B subtract 

negative =-5 negative 

TIMES AxB multiply 

signum xB Tit B>0; Lake B<0; 0 if B=0 

DIVIDE A+B divide 

reciprocal +B 1 divided by B B 

POWER AxB A raised to the Bth power; A 

exponential ¥*B e raised to the Bth power, where e is 2.718281828459045 
LOG A®B logarithm, base A, of B 

natural log @B logarithm, base e, of B 

CEILING TB B rounded up to an integer 

maximum ATB A or B, whichever is larger 

FLOOR LB B rounded down to an integer 

minimum ALB A or B, whichever is smaller 

MAGNITUDE IB the absolute value of B 

residue AlB the remainder when you divide A into B; thus 4119 is 3 
FACTORIAL !B 1 times 2 times 3 times 4 times . . . times B 
combinations A!B how many A-element subsets you can form from a set of B 
ROLL 2B a random integer from 1 to B 

deal A?B a list of A random integers, each from 1 to B, no duplicates 
PI TIMES OB nm times B 

circular ACB sin B if A=1; cos B if A=2; tan B if A=3; 


aresin B if A="1; arecos B if A="2; arctan B if A="3; 

sinh B if A=5; cosh B if A=6; tanhB if A=7; 

arcsinh B if A="5; arccosh B if A="6; arctanh B if A="7; 
1-B?2 if A=0; Y1+B2 if A=4; /B?2-1if A="4 


EQUAL A=B 1if A equals B; otherwise 0 

not equal A#B 1if A is not equal to B; otherwise 0 

LESS A<B 1if A is less than B; otherwise 0 

less or equal ASB 1 if A is less than or equal to B; otherwise 0 
GREATER A>B 1if A is greater than B; otherwise 0 

gr. or equal A2B iif A is greater than or equal to B; otherwise 0 
AND AAB 1 if A and B are both 1; otherwise 0 

nand AXB 1if A and B are not both 1; otherwise 0 

OR AVB 1if A or B is 1; otherwise 0 

nor AB 1 if neither A nor B is 1; otherwise 0 

NOT ~B 1 if B is 0; otherwise 0 


To make the symbol ®, type the symbol *, then press the BACKSPACE key, then 
type the symbol 0°. 


Order of operations. Unlike all other popular languages, APL makes the computer 
do all calculations from right to left. For example, if you type— 


2x3+5 


the computer will start with 5, add 3 (to get 8), and then multiply by 2 (to get 16). 
The computer will print: 


16 


In BASIC and most other languages, the answer would be 11 instead. 


y 
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If you type— 
9-4-3 


the computer will start with 3, subtract it from 4 (to get 1), and then subtract from 9 
(to get 8). The computer will print: 


8 


In most other languages, the answer would be 2 instead. 
You can use parentheses. Although 9-4-3 is 8, (9-4)-3is 2. 
Compare these examples: 


-4+6 is ~10 
~4+6 is 2 


In both examples, the 4is preceded by a negative sign; but in the second example, 
the negative sign is raised, to be as high as the 4. (To make the raised negative, tap 
the 2 key while holding down the SHIFT key. To make a regular negative, tap the + 
key while holding down the SHIFT key.) The first example makes the computer start 
with 6, add 4 (to get 10), and then negate it (to get “10). The second example makes 
the computer start with 6 and add “4, to get 2. 

Double precision. APL is super-accurate. It does all calculations by using double 
precision. 

Variables. You can use variables: 


X+3, 

X+2 
The first line says X is 3. The second line makes the computer print X+2. The 
computer will print: 
= 


A variable's name can be long: up to 77 letters and digits. The name must begin 
with a letter. 
Vectors. A variable can stand for a list of numbers: 


X¥+542 8 
a 


The first line says Y is the vector 5 2 8. The next line makes the computer add 1 to 
each item and print: 


Od: 9 
This program prints the same answer: 
Dee at | 
The computer will print: ap 
a Se 
This program prints the same answer: op 
1k 2.6 
You can add a vector to another vector: 
Ata: 2ot86 
5a arg ROP d 
A+B 


The computer will add 5 to 3, and 2.1 to 2.8, and 6 to “7, and print: 
RAL Ras 
This program prints the same answer: 
ate POS Eee RS 
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This program prints the same answer: 


A+5 2.1 6 
B+3 2.8 7 
C<A+B 

Cc 


Here's something different: 


X+4 2 3 
+/X 


The first line says X is the vector 4 2 3. The next line makes the computer print the 


sum, 9. 
This program prints the same answer: 


Y<+/4 2 3 
Y 


You can combine many ideas on the same line, but remember that the computer 
goes from right to left: 


219-1 4 3+6xt+/5 1 3x2 4 7 


The computer will start with 2 4 7, multiply it by 5 1 3 (to get 10 4 21), find the sum 
(which is 35), multiply by 6 (to get 210), add 1 4 3 (to get 211 214 213), and then 
subtract from 219 (to get 8 5 6). The computer will print: 


Serge 
Each of APL's scalar operators works like addition. Here are examples: 


2 410x3 7 Yis 6 28 90 

sk SOAS Ow, eet 

2 410 1S ae nei01 0 

x/2 410is 2x4x10, which is 80 

-/9 5 3is 9-5-3, which is 7 (since the computer works from right to left) 
L/6.1 2.7 4.9is 6.112. 7L4. 9, which is 2.7 (since L means minimum) 

L6.1 2.7 4.9 is L6.1 then L2.7 then L4. 9, which is 6 2 4 (since t means floor) 
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Vector operators. Here are vector operators; the examples assume V is 8 5 6: 


APL name Symbol Value Reason 

SHAPE oV S V has 3 items 

reshape 7pV 85 6 85 6 8 make 7 items from V 

REVERSE oV 6P5-S reverse V 

rotate 16V a6: 8 rotate V, by beginning after ist item 

GENERATE 13 Weges count up to 3 

index of Vi5 a in V, find 5; it's the 2nd item 

TAKE 2tV 825 the first 2 items from V 

drop 2+V 6 omit the first two items from V 

SUBSCRIPT VE 2] 5 V's 2nd item 

catenate V,9 4 Sz uO) yas V followed by 9 4 

COMPRESS aU dV 8 6 take part of V, using this pattern: 
take, omit, take 

expand OSD UIE Si O20m5. 6 insert zeros into V, using this pattern: 
item, 0, 0, item, item 

GRADE UP AV 2h 3a the smallest item is 5, V's 2nd item; 
the next smallest is 6, V's 3rd item; 

; the largest is 8, V's 1st item 

grade down YV 18 Gen the largest item is 8, V's ist item; 
the next largest is 6, V's 3rd item; 
the smallest is 5, V's 2nd item 

DECODE 10LV 856 8, times 10, plus 5, times 10, plus 6 

encode 10T856 8.5.56 opposite of decode 

MEMBER 5éV 1 search for 5 in V (1=found, 0=missing) 


Love or hate? Some programmers love APL, because its notation is brief. Other 
hate it, because its notation is hard for a human to read. The haters are winning, 
and the percentage of programmers using APL is decreasing. 


LOGO 
LOGO began in 1967, during an evening at Dan Bobrow's home in Belmont, 
Massachusetts. 

Dan had gotten his Ph.D. from MIT and was working for a company called Bolt, 
Beranek, and Newman (BBN). In his living room were three of his colleagues from 
BBN (Wally Feurzeig, Cynthia Solomon, and Dick Grant) and an MIT professor: 
Seymour Papert. 

BBN had tried to teach young kids how to program by using BBN's own language 
(TELCOMP), which was a variation of JOSS. BBN had asked Professor Seymour 
Papert for his opinion. The group was all gathered in Dan's house to hear Seymour's 
Opinion. 

Seymour chatted with the group, and the entire group agreed with Seymour on 
Several points. First, TELCOMP was not a great language for kids. It placed too 
much emphasis on mathematical formulas. The group agreed that instead of 
Struggling with math, the kids ought to having more fun by programming the 
computer to handle strings instead. 

The group also agreed that the most sophisticated language for handling strings 
was LISP, but that LISP was too complex for kids. 

The group concluded that a new, simplified LISP should be invented for kids, 
and that it should be called "LOGO". 

That's how LOGO began. Professor Seymour Papert was the guiding light, and all 
the other members of the group gave helpful input during the conversation. 

That night, after his guests left, Dan went to the terminal in his bedroom and 
Started programming the computer to understand LOGO. Specifically, he wrote a 
LISP program that explained to the computer how to handle LOGO. That's how LOGO 
was born. 

Work on LOGO continued. The three main researchers who continued improving 
LOGO were Seymour (the MIT guru), Wally (from BBN), and Cynthia (also from 
BBN). LOGO resembled LISP but required fewer parentheses. 
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After helping BBN for a year, Seymour returned to MIT. Cynthia and several 
other BBN folks worked with him at MIT's Artificial Intelligence Laboratory to 
improve LOGO. . . 

Turtles. At first, LOGO was as abstract and boring as most other computer 
languages. But in the spring of 1970, a strange creature walked into the LOGO lab. 
It was a big yellow mechanical turtle. It looked like "half a grapefruit on wheels" and 
had a pen in its belly: 


eeae heel 


It also had a horn, feelers, and several other fancy attachments. To useit, you put 
paper all over the floor and then programmed it to roll across the paper. As it rolled, 
the pen in its belly drew pictures on the paper. The turtle was controlled remotely 
by a big computer programmed in LOGO. 

Suddenly, LOGO became a fun language whose main purpose was to control the 
turtle. Kids watching the turtle screamed with delight and wanted to learn how to 
program it. LOGO became a favorite programming game for kids. Even kids who were 
just 7 years old started programming in LOGO. Those kids were barely old enough to 
read, but reading and writing were not prerequisites for learning how to program in 
LOGO. All the kids had to know was that "FD 3" made the turtle go forward 3 steps, 
and "RT 30" made the turtle turn to the right 30 degrees. 

As for the rest of LOGO—all that abstract stuff about strings and numbers and 
LISP-like lists—the kids ignored it. They wanted to use just the commands "FD" and 
"RT" that moved the turtle. 

The U.S. Government's National Science Foundation donated money, to help MIT 
improve LOGO further. Many kids came into the LOGO lab to play with the turtles. 

The turtles were expensive, and so were the big computers that controlled them. 
To let more kids use LOGO, the first problem was to reduce the cost of the turtle and 
its controlling computer. 

During the early 1970's, computer screens got dramatically cheaper. To save 
money, MIT stopped building mechanical turtles and instead bought cheap computer 
screens that showed pictures of turtles. Those pictures were called "mock turtles". 

Cheaper computers. The original version of LOGO was done on BBN's expensive 
weird computer (the MTS 940). Later versions were done on the PDP-1 (in 1968), the 
eae (in 1970), and finally on a cheaper computer: the PDP-11 minicomputer (in 

SEMA es 

At the end of the 1970's, companies such as Apple and Radio Shack began selling 
microcomputers, which were even cheaper. MIT wanted to put LOGO on 
microcomputers but ran out of money to pay for the research. 

Texas Instruments (TI) came to the rescue... . 

: Tl LOGO. TI agreed to pay MIT to research how to put LOGO on TI's 
microcomputers (the TI-99/4 and the TI-99/4A). 

TI and MIT thought the job would be easy, since MIT had already written a 
PASCAL program that made the computer understand LOGO, and since TI had 
already written a version of PASCAL for the CPU chip inside the TI- 99/4. Initially, 
MIT was worried, because the PASCAL program running on MIT's PDP-10 computer 
handled LOGO too slowly; but TI claimed TI's PASCAL was faster than the PDP-10's 
and that LOGO would therefore run fast enough on the TI. 

TI was wrong. TI's PASCAL couldn't make LOGO run fast enough, and TI's 
PASCAL also required too much RAM. So TI had to take MIT's research (on the 
PDP-10) and laboriously translate it into TI's assembly language, by hand. 

The hand translation went slower than TI expected. TI became impatient and took 


a short-cut: it omitted parts of LOGO, such as decimals. TI began selling its version 
of LOGO, which understood just integers. 
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MIT Apple LOGO. After TI started selling its LOGO, the MIT group invented a 
version of LOGO for the Apple. The Apple version included decimals. But alas, the 
Apple version omitted "sprites" (which are animated creatures that carry objects 
across the screen), because Apple's hardware couldn't handle sprites fast enough. 
(TI's hardware was fancier and did handle sprites.) 

MIT wanted to sell the Apple version to schools, since more schools owned Apples 
than TI computers. But if MIT were to make lots of money from selling the Apple 
version, MIT might get into legal trouble, since MIT was supposed to be non-profit. 
And anyway, who "owned" LOGO? Possible contenders were: 


MIT, which had done most of the research 

BBN, which had trademarked the name "LOGO" and had done the early research 
the U.S. Govt., whose Nat'l Science Foundation had paid for much research 

TI, which had also paid for much research 


Eventually, MIT solved the legal problems and sold the rights for "MIT Apple 
LOGO" to two companies: Krell and Terrapin. 

Krell was strictly a marketing company. It sold MIT Apple LOGO to schools but 
made no attempt to improve LOGO further. 

Terrapin, on the other hand, was a research organization that had built 
mechanical turtles for several years. Terrapin hired some MIT graduates to improve 
LOGO further. ! 

LCSI versus competitors. Back when MIT was asking its lawyers to determine who 
owned Apple LOGO, a group of MIT's faculty and students became impatient. The 
group, headed by Cynthia Solomon (one of the original inventors of LOGO), left MIT 
and formed a company called LOGO Computer Systems Incorporated (LCS!I). That 
company invented its own version of LOGO for the Apple. 

LCSI became quite successful. Apple, IBM, Atari, and Microsoft all hired LCSI to 
write versions of LOGO. Commodore hired Terrapin instead. 

Today, if you have an Apple 2c (or 2e or 2+), you can buy either the official 
Apple LOGO (sold by Apple Computer Inc. and created by LCSI), or "Terrapin 
LOGO for the Apple" (sold by Terrapin), or the original "MIT LOGO for the Apple" 
(sold by Krell). 

Krell is becoming less popular. That leaves just two major players: Terrapin and 
LCSI. Generally speaking, LCSI's versions of LOGO are daring—LCSI tries wild 
experiments—while Terrapin's versions of LOGO are conservative—closer to the MIT 
original. 

The two companies have different styles. Terrapin is small and friendly and 
charges very little. LCSI is large, charges more, and is often rude. Terrapin gives 
more help to customers on the phone than LCSI. 

LOGO versus BASIC. Most of LOGO's designers hate BASIC. They believe BASIC 
should be eliminated from schools altogether. 

They believe LOGO is easier to learn than BASIC, and that LOGO encourages a 
kid to be more creative. They also believe that LOGO leads the kid to think in a more 
organized fashion than BASIC. They also argue that since LOGO is best for little 
kids, and since switching languages is difficult, the kids should continue using 
LOGO until they graduate from high school and should never use BASIC. 

That argument is wrong: it ignores the fact that a knowledge of BASIC is 
essential to surviving in our computerized society. Today, most programs are still 
written in BASIC, not LOGO, because BASIC consumes less RAM and because the 
newest versions of BASIC contain many practical features for business and science 
and graphics that LOGO lacks. 

Extensible. One of the nicest things about LOGO is that you can change it and 
turn it into you own language! That's because LOGO lets you invent your own 
commands and add them to the LOGO language. A language (such as LOGO) that lets 
you invent your own commands is called an extensible language. Although some 
earlier languages (such as LISP) were extensible also, LOGO is more extensible and 
more pleasant. 
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FORTH 
Like LOGO, FORTH is extensible. But FORTH has two advantages over LOGO: 

1. FORTH consumes less memory. You can easily run FORTH on a computer 
having just 8K of RAM. 

2. FORTH runs faster. The computer handles FORTH almost as fast as assembly 
language. 

Since FORTH is extensible and consumes so little of the computer's memory and 
time, professional programmers use it often. Famous programs written in FORTH 
include EASYWRITER (which is a word-processing program for the Apple and the 
IBM Personal Computer), VALDOCS (which is the operating system for Epson's first 
computer), and RAPID FILE (an easy-to-learn data-management system developed 
by Miller Microcomputer Systems and sold by Ashton-Tate). 

Unfortunately, the original versions of EASYWRITER and VALDOCS contained 
many bugs, but that's because their programmers were careless. 

In FORTH, if you want to add 2 and 3 (to get 5), you do not type 2+3. Instead, 
you must type: 


e251 


The idea of putting the plus sign afterwards (instead of in the middle) is called 
postfix notation. The postfix notation (2 3+) has two advantages over infix notation 
(2+3): the computer handles postfix notation faster, and you never need to use 
parentheses for "order of operations". On the other hand, postfix notation seems 
inhuman: it's hard for a human to read. 

Like FORTH, Hewlett-Packard pocket calculators use postfix notation. So if 
you've already had experience with a Hewlett-Packard calculator, you'll find FORTH 
easy. 

Postfix notation is the reverse of prefix notation (+ 2 3), which was invented 
around 1926 by the Polish mathematician Lukasiewicz. So postfix notation is often 
called reverse Polish notation. 

Since FORTH is so difficult for a human to read, cynics call it "an inhuman Polish 
joke". 

FORTH was invented by Chuck Moore, during his spare time while he worked at 
many schools and companies. He wanted to name it "FOURTH", because he 
considered it to be an ultra-modern "fourth- generation" language; but he was using 
an old IBM 1130 minicomputer, which couldn't handle a name as long as "FOURTH"; 
so he omitted the letter "U". 
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PILOT 

PILOT was invented at the San Francisco branch of the University of California, by 
John Starkweather in 1968. It's easier to learn than BASIC, but it's intended to be 
used by teachers instead of students. Teachers using PILOT can easily make the 
computer tutor students about history, geography, math, French, and other 
schoolbook subjects. 

For example, suppose you' re a teacher and want to make the computer chat with 
your students. Here's how to do it in BASIC, and more easily in PILOT: 


BASIC program 

10 PRINT "I AM A COMPUTER" 

20 INPUT "DO YOU LIKE COMPUTERS’; A$ 

30 IF AS$="'YES" OR AS="'YEAH' OR AS="YEP" OR AS=""SURE' OR A$=""SURELY" OR A$="'I SUR 
E DO" THEN PRINT "I LIKE YOU TOO" ELSE PRINT ''TOUGH LUCK" 


PILOT program 


T:I AM A COMPUTER Type "I AM A COMPUTER". 

T:DO YOU LIKE COMPUTERS? Type "DO YOU LIKE COMPUTERS?" 

A: Accept the human's answer. 

M:YE,SURE Match. (See whether answer contains "YE" oA” "SURE". ) 
fY:1 EIKE YOU TOO 14 there was a match, type "I LIKE YOU TOO". 

TN: TOUGH LUCK 1% no match, type "TOUGH LUCK. 


Notice that the PILOT program is briefer than BASIC. 

Atari, Apple, and Radio Shack all sell versions of PILOT that include commands 
to handle graphics. Atari's version is the best, since it includes the fanciest 
graphics and music and even a LOGO-like turtle, and since it's also the easiest 
version to learn how to use. 

Although PILOT is easier than BASIC, most teachers prefer to learn BASIC, 
because BASIC is available on more computers, costs less, and accomplishes a 
greater variety of tasks. Hardly anybody uses PILOT. 
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SPECIALISTS 


APT 


If you use APT, the computer will help you cut metal. 

Type an APT program that says how you want the metal cut. When you run the 
program, the computer will create a special instruction tape. If you feed that tape 
into a metal-cutting machine, the machine will cut metal as you said. 

Let's write an APT program that makes the machine cut out the shaded area: 


Cea 


Cuan 
ae SET POINT 


We'll make the machine move the cutter where the circles are. 


Here's the program: 


CUTTER/1 

TOLER/.005 

FEDRAT/80 

HEAD /1 i 
MODE/1 

SPINDL/2400 
COOLNT/FLOOD 
PT1=POINT/4,5 

FROM/ (SETPT=POINT/1,1) 
INDIRP/(TIP=POINT/1,3) 


BASE=LINE/TIP, AT ANGL, O 


GOTO/BASE 
TL RGT, GO RGT/BASE 


GO FWD/CELLIPS/CENTER, Pipe s2,0) 


GO LFT./(LINE/2,4,1,3,),, PAotpebAce 


GOTO/SETPT 
COOLNT/OFF 
SPINDL/OFF 
END 

FINI 
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Use a cutter whose diameter ts 1". 

The tolerance of the cut 1s .005". 

Use a feednate of 80" per minute. 

Use head 1. 

Operate the took in mode |. 

Turn the spindke on, at 2400 pm. 

Turn the coolant on, at flood setting. 

PT] = the point whose coordinates are (4,5). 
SETRT, = point (1,1). Start tock 470m SEDPie 
TIP = (1,3). Aim took in direction of TIP. 
BASE = Line going through TIP at 0 degrees. 
Make the took go to BASE. 

With took on right, go right akong BASE. 

Go forward along elkipse whose center 4s PTI, 
SQML-MAJON AXLS AS 3", SOEML-mMinor axis AS 2", 
and major axts skants 0 degrees. 

Go Left along the Line that joins (2,4) and 
(1,3), unti2 you get past BASE. 

Make the took go to SETPT. 

Turn the coolant off. 

Turn the spindle off. 

End use of the machine. 

The program 44 finished. 


COA? 


DYNAMO 
DYNAMO uses these symbols: 


Symbol Meaning 

J a moment ago 

eK now 

-JK during the past moment 
KL during the next moment 
DT how long "a moment" is 


For example, suppose you want to explain to the computer how population 
depends on birth rate and death rate. If you let P be the population, BR be the birth 
rate, and DR be the death rate, here's what to say in DYNAMO: 


P.K=P.J+DT* (BR.JK-DR.JK) 


The equation says: Population now = Population before + how long "a moment" is * 
(Birth Rate during the past moment - Death Rate during the past moment). 

World Dynamics. The most famous DYNAMO program is the World Dynamics Model , 
which Jay Forrester programmed at MIT in 1970. His program has 117 equations that 
describe 112 variables about our world. 

Here's how the program begins: 


* WORLD DYNAMICS 

L P.K=P.J+DT*(BR.JK-DR.JK) 

N P=PI 

Cc P1=1.65E9 

R BR.KL=P.K*FIFGE (BRN,BRN1 ,SWT1,TIME.K) *BRFM.K*BRMM. K*BRCM.K*BRPM.K 


S 


The first line gives the program's title. The next line defines the Level of 
Population, in terms of Birth Rate and Death Rate. 

The second equation defines the iNitial Population to be PI (Population Initial). 
The next equation defines the Constant PI to be 1.65E9, because the world's 
population was 1.65 billion in 1900. 

The next equation says the Rate BR.KL (the Birth Rate during the next moment) 
is determined by the Population now and several other factors, such as the BRFM 
(Birth-Rate-from- Food Multiplier) , the BRMM (Birth-Rate-from-Material 
Multiplier), the BRCM (Birth-Rate-from-Crowding Multiplier), and the BRPM 
(Birth-Rate-from-Pollution Multiplier). Each of those factors is defined in later 
equations. When you run the program, the computer automatically solves all the 
equations simultaneously and draws graphs that show how the population, birth 
rate, etc. will change during this century and the next. Here are some of the 


results: 


coe li ® 


_— x 
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NATURAL RESOURCES 


food per person 


QUALITY OF LIFE 


POPULATION 


material standard of living 


capital investment 


POLLUTION . 
1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100) 


YEAR 

The graph shows the quality of life will decrease because of the overpopulation, 
pollution, and dwindling natural resources. Although the material standard of living 
will improve for a while, it too will eventually decrease, as will industrialization 
(capital investment). 

Dwindling natural resources are the main problem. Suppose scientists suddenly 
make a new discovery that lets us reduce our usage of natural resources by 75%. Will 
our lives be better? 

Here's what the computer predicted would happen, if the "new discovery" were 
made in 1970: 


NATURAL RESOURCES 


food per person 


QUALITY OF LIFE 


POPULATION 


material standard of living 


Capital investment 


POLBULTON wane 
1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100 


YEAR 
In that picture, you see the graph of natural resources changing sharply in 1970, 
because of the new scientific discovery. As a result, people live well, so that in 2030 
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the population is almost 4 times what it was in 1970. But the large population 
generates too much pollution; in 2030, the pollution is being created faster than it 
can dissipate. From 2040 to 2060, a pollution crisis occurs: the pollution increases 
until it is 40 times as great as in 1970; then most people on earth die, so that the 
world population in 2060 is a sixth of what it was in 2040. After the crisis, the few 
survivors create little pollution and enjoy a very high quality of life. 

Forrester tried other experiments on the computer. To improve the quality of 
life, he tested the effect of requiring birth control, reducing pollution, and other 
strategies. Each of them backfired. The graphs showed that the only way to maintain 
a high quality of life throughout the next century is to adopt a combination strategy 
now: 


reduce natural resource usage by 75% 
reduce pollution generation by 50% 

reduce the birth rate by 30% 

reduce capital-investment generation by 40% 
reduce food production by 20% 


Other popular applications. Although the World Dynamics Model is DYNAMO's 
most famous program, DYNAMO has been applied to many other problems also. 

The first DYNAMO programs ever written were aimed at helping managers run 
companies. Just plug your policies about buying, selling, hiring, and firing into the 
program's equations; when you run the program, the computer draws a graph 
showing what will happen to your company during the coming months and years. If 
you don't like the computer's prediction, change your policies, put them into the 
equations, and see whether the computer's graphs are more optimistic. 

How DYNAMO developed. The first version of DYNAMO was invented in 1959 by 
Phyllis Fox and Alexander Pugh III. It was an improvement on a language called 
SIMPLE, which had been invented the year before by Richard Bennett at MIT. 
"SIMPLE" stood for "Simulation of Industrial Management Problems with Lots of 
Equations". 

In 1961 at MIT, Jay Forrester wrote a book called /ndustrial Dynamics, which 
explained how DYNAMO can help you manage a company. 

MIT is near Boston, whose mayor from 1960 to 1967 was John Collins. When his 
term as mayor ended, he became a visiting professor at MIT. 

His office happened to be next to Forrester's. He asked Forrester whether 
DYNAMO could solve the problems of managing a city. Forrester organized a 
conference of urban experts and got them to turn urban problems into 330 DYNAMO 
equations involving 310 variables. Forrester ran the program and made the computer 
graph the consequences. 

The results were surprising. The graphs showed that if you try to help the 
underemployed, by giving them low-cost housing, job-training programs, and 
artificially-created jobs, the city becomes better for the underemployed, so more 
underemployed people move to the city, so the percentage of the city that is 
underemployed increases, and the city is worse off than before the reforms were 
begun. In other words, socialist reform just backfires. Another example: free public 
transportation creates more traffic, because it encourages people to live farther from 
their jobs. 

Instead, the graphs show that the only long-term solution to the city's problems 
is to knock down slums, fund new "labor-intensive export" businesses (businesses 
that will hire many workers, occupy little land, and produce goods that can be sold 
outside the city), and let the underemployed fend for themselves in this new 
environment. Another surprise: any city-funded housing program makes matters 
worse—regardless of whether the housing is for the underemployed, the workers, or 
the rich—because additional housing means less space for industry and hence fewer 
jobs. 

If you ever become a mayor or President, use the computer's recommendations 
cautiously: they'll improve the cities, but only by driving the underemployed out to 
the suburbs, which will worsen. 

In 1970 Forrester created the World Dynamics Model to help "The Club of Rome", 
a private club of 75 people who try to save the world from ecological calamity. 
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GPSS 
A queue is a line of people who are waiting. GPSS analyzes queues. For example, 
let's use GPSS to analyze the customers waiting in "Quickie Joe's Barbershop". 

Joe's the only barber in the shop, and he spends exactly 7 minutes on each 
haircut. (That's why he's called "Quickie Joe". ) 

About once every 10 minutes, a new customer enters the barbershop. More 
precisely, the number of minutes before another customer enters is a random number 
between 5 and 15. 

This program makes the computer imitate the barbershop and analyze what 
happens to the first 100 customers: 


SIMULATE 
GENERATE 10,5 A new customer comes every 10 minutes + 5 minutes. 
QUEUE JOEQ He waits in the queue, called JOEQ. 
SEIZE JOE When his turn comes, he seizes JOE, 
DEPART JOEQ which means he Leaves the JOEQ. 
ADVANCE is After 7 minutes go by, 
RELEASE JOE he nekeases JOE (s0 Someone else can use JOE) 
TERMINATE 1 and Leaves the shop. 
START 100 Do ak that 100 times. 
END 
- by 
&th 19th 
column column 


When you run the program, the computer will tell you the following... . 

Joe was working 68.5% of the time. The rest of the time, his shop was empty and 
he was waiting for customers. 

There was never more than 1 customer waiting. "On the average", .04 customers 
were waiting. 

There were 101 customers. (The 101st customer stopped the experiment.) 79 of 
them (78.2% of them) obtained Joe immediately and didn't have to wait. 

The "average customer" had to wait in line .405 minutes. The "average 
not-immediately-served customer" had to wait in line 1.863 minutes. 

How to make the program fancier. Below the RELEASE statement and above the 
TERMINATE statement, you can insert two extra statements: 


TABULATE 1 
1 TABLE M1,0,1,26 
4 
2nd 
column 


They make the computer add the following comments. 

Of the 100 analyzed customers, the "average customer" spent 7.369 minutes in 
the shop (from when he walked in to when he walked out). 

More precisely, 79 customers spent 7 minutes each, 9 customers spent 8 minutes 
each, 9 customers spent 9 minutes each, 2 customers spent 10 minutes each, and 1 
customer had to spend 11 minutes. 

The computer also prints the "standard deviation", "cumulative tables", and 
other statistical claptrap. | 

On your own computer, the numbers might be slightly different, depending on 
how the random numbers came out. To have more faith in the computer's averages, 
try 1000 customers instead of 100. 

Alternative languages. For most problems about queues, GPSS is the easiest 
language to use. But if your problem is complex, you might have to use SIMSCRIPT 
(based on FORTRAN) or SIMULA (an elaboration of ALGOL) or S/MPL/I (an 
elaboration of PL/I). 


— — a A 
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RPG 
RPG is the most popular language for IBM minicomputers, such as the IBM System/3, 
System/32, System/34, and System/36. 
For example, suppose you have a file called MANHOURS, containing one punched 
card per employee: 


4441 |CHESTER,O.P. 040 


123 4 S$ 6 7 @ D9 WN 12 13 MIS 6 17 © 19 20 21 22 23 24 25 26 27 26 29 30 1 32 


S4 SS 56 57 SO 59 6O GI 62 63 64 


39976BUGLE,!1.M. 04| 


123 45 6 7 8 9 WH 12 13 4 1S 17 WW 20 21 22 23 246 25 26 27 28 29 30 31 32 


06 67 88 G9 90 9 92 93 94 95 96 


S4 5S 36 57 58 SO GO 61 G2 63 64 


21450AZUR,M.P. 102 


123 45 6 7 8 9 WW 12 13 4 1S 17 1 1 20 21 22 23 24 25 26 27 28 29 30 31 32 


1 ND 120 12) 2 123 124 125 126 127 128 


06 67 68 89 90 9 92 93 94 95 95 


S455 36 57 SB SO GO Gi G2 63 64 


045 


‘NS ND GO 12 2 123 24 125 126 127 we 


2033! ARMSTRONG,J.D. 


12.3 4 S$ 6 7 © 9 WN 12 13 4 1S 16 17 1 19 20 21 22 23 24 235 26 27 26 29 30 31 32 


22 23 24 25 26 27 28 29 30 31 32 


86 67 68 89 90 91 92 93 94 95 96 


33 34 35 36 37 38 39 40 4) 42 43 44 45 46 47 46 49 SO 5S) 52 93 54 SS S657 SB SD GO 61 62 63 64 


MS MD 120 12 BZ 123 124 125 126 127 128 


“NS@OPO-NAQOPT-NSEOPKOD 


8 
A 
8 
4 
B 2 
6S 66 67 68 69 70 71 72 73 74 75 76 77 78 79 GO BI G2 G3 04 OS BE 87 GO OP 90 91 92 93 D4 95 96 A anuism THO 
8 ‘ 
4 A S455 56 57 58 59 6O GI 62 63 64 
302 103 104 105 106 107 108 108 MO IM 2 M3 Ne NS 16 7 MB NO 120 12) B2 123 124 125 126 127 128 2 8 
6 eee @ee8 @eee@ i=) 1 4 
A ® @ ee ee @ee e A SENSES IEEE 2 
8 e e e 8° e@ 8 1 
4 e eco e ee 4 A CBE ROPE TENCE CHC CS 
8 
2¢e ee ee e e©0 e @ 2 A A 86 87 88 89 90 91 92 93 94 9S 96 
1 eeee? ee e@eeee @ e e 1 
la 4 ‘ DOTS TOS TOE NEES Le CVE 2 8 
4 
A A 9s 56 57 5059 60 61 «2 exes | 
8 8 x 2 
4 4 A 0s 67 06 0 90 91 92 93 94 95 96 | 
8 
2 2 4 
Leese eon gouenowanNENUsE THOM EOD 2 
A A 07 08 09 90 91 92 93 94 95 00 | 
8 8 
4 4 
2 2 
1 1 


GS 66 67 68 69 70 71 72 73:74 TS MS 77 76 79 BO Bi 62 83 O64 BS B6 87 BB GD 90 91 H2 93 94 95 96 


1BM 3700 


On each card, columns 1-5 contain the employee's identification number, columns 
6-20 contain his name, and columns 21-23 tell how many hours he worked. Let's make 
an IBM System/3 minicomputer print the whole file on the line printer, with extra 
spacing, and also print the total number of man-hours in the company, like this: 


ARMSTRONG, J.D. 
AZURy, MeP. 
BUGLE, I.Me 
CHESTER, O.P. 
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To write the program, fill out four forms. 
The first form describes the controls and files, like COBOL's environment 


division. Here's how to fill it out: 


Internstions! Business Machines Corporation Form 21-9082 
Printed in U.S.A. 


RPG CONTROL CARD AND FILE DESCRIPTION SPECIFICATIONS 


75 76 77 78 79 80 


Program 
Identification 


Control Card Specifications 


Refer to the specific System Reference Library manual for actual entries. 


Sinan Collating Sequence 


0 41 42 43 44 45 65 66 67 68 69 70 71 72 73 7: 


| eh Polat [dota PEP TYPE TTT 


File Description Specifications 


Mode of Processing File Addition 
= : Length of Key Field or Number of Tracks 
File Designation of Record Address Field tor Cylinder Overflow 


Record Address Type Number of Extents 
Filename sh ; i i Name of Extent Exit 


(Additional Area) Label Exit tor DAM 
File Format 


P/S/C/R/T/D 
Labels (S, N, or E) 


Line 01 says "008 008". That makes the computer reserve 8 kilobytes of memory 
for the program. 

Line 02 describes the file MANHOURS. The "IP" means the file is for Input and is 
the Primary file. The "96" means each card in the file has 96 columns. The "MFCU1" 
means card reader #1. 

Line 03 says "ADDLIST" will be the name of the Output file, which has 96 columns 
and will appear on the PRINTER. 

The second form describes the input: 


Interrsttons! Busines Machines Corparstion Form a 


INPUT SPECIFICATIONS 75 76 77 78 79 80 


5 
$3 
fF 
BE 
3% 


Line 01 says the file MANHOURS is unorganized ("AA"), reading a card from the 
file is called "activity #01". The remaining lines say that on each card, columns 1-5 
contain MANNO, columns 6-20 contain NAME, and columns 21-23 contain HRS, which 
is a number having 0 digits after the decimal point. 


(160) 


The third form describes the calculations: 


Internatione! Business Machines Corporation Form X21-9093 
Printed in U.S.A. 


RPG CALCULATION SPECIFICATIONS 
A 2 75 76 77 78 79 80 


Program 
P; 1, 
a (0/3 | Identification 


Factor 1 Comments 


Lookup 
Table (Factor 2) is 
High | Low |Equai 


Control Level 
(LO-L9, LR, SR) 


67 68 69 70 71 72 73 74 


8 ET ate lobed lull 19 20 21 22 23 24 25 26 27 38 39 40 41 42/43 44 45 46 47 48/49 50 51 
ae PAPE 8 os Hera LP 
Zi alas me 2 a EEE HELE 


That form says: after each occurrence of activity #01, let HRS + TOTAL be the 
new TOTAL, which is a 5-digit number having 0 digits after the decimal point. 
The fourth form describes the output: 


Internetionsl Business Machines Corporation Form X21-9090 
Printed in U.S.A. 


RPG OUTPUT - FORMAT SPECIFICATIONS Frey eay WS 


Program 
Identification us 


Sterling 
Sign 
Position 


Packed Field (P) 


That form explains how to print the file ADDLIST. 

In line 01, the "D" means "here's how to print each line of Details". The "10 01" 
means "press the carriage return 1 time before you print the line, press it 0 times 
after you print the line, and do the printing after each occurrence of activity #01". 

Line 02 says to print MANNO so it ends in column 5. 

Line 03 says to print NAME so it ends in column 23. Since the second form said 
NAME requires 15 columns, the computer will print NAME in columns 9-23. 

Line 04 says to print HRS soit ends in column 29. Since the second form said HRS 
requires 3 columns, the computer will print HRS in columns 27-29. 

In line 05, the "T" means "here's how to print the Total". The "30" means "press 
the carriage return 3 times before you print the line, and 0 times after". The "LR" 
means "print it only after the last card's been read (Last Record)". 

Line 06 says to print TOTAL so it ends in column 29. Since the third form said 
TOTAL requires 5 columns, the computer will print TOTAL in columns 25-29. 
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After you've filled out the four forms in longhand, type what you wrote. Here's 
the RPG program: 


0101 HO08 O08 

0102 FMANHOURSIP 96 MFCU1 pov the fArASL fo/un 
0103 FADDLIST O 96 PRINTER 

0201 IMANHOURSAA 01 ; SWAN 

ees : 6 20 NAME from the second form 
0204 I 21 230HRS 

O301h¢ )e01 HRS ADD TOTAL TOTAL, oau } f2om the third foun 
0401 OADDLIST D 10 01 

0402 0 MANNO 5 

0403 0 NAME 23 

0404 0 HRS 29 §/L0m the fourth 4o/un 
0405 0 Tou LR 

0406 0 TOTAL 29 


To do that in BASIC, FORTRAN, or traditional COBOL, you'd have to write a 
loop; you'd have to say GO TO, DO, or PERFORM. RPG makes the computer do loops 
automatically, without forcing you to specify how. The order in which you write 
statements is less important in RPG than in those other languages; you're less likely 
to err; RPG is more reliable. 

But today, RPG is considered old-fashioned, since newer languages (such as 
DBASE) let you generate loops, totals, and reports even more easily than RPG. 
Moreover, DBASE costs less than RPG and can run on cheaper computers. 


SPSS 
The most popular computer language for statistics is SPSS, which stands for 
Statistical Package for the Social Sciences. 
Simple example. Suppose you survey 10 of your friends and ask each of them two 
questions: 


1. In the next election, will you probably vote Republican or Democrat? 
2, Are you male or female? 


Maybe you can guess the answer to the second question by just looking at the 
person; but to be sure, you'd better ask. 

Suppose nobody gives an unusual answer (such as Prohibitionist or Communist or 
Transsexual or Undecided). You think it would be cool to feed all the data into the 
computer. For example, if a person said "Republican Female", you'd feed the 
computer this line: 


RF 
If a person said "Democrat Male", you'd feed the computer this line: 
DM 
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This SPSS program makes the computer analyze the data: 


VARIABLE LIST PARTY,SEX Read each person's PARTY and SEX, 

INPUT FORMAT FIXED (2A1) using this FORTRAN FORMAT: "2A71", 

N OF CASES 10 There are 10 people. 

INPUT MEDIUM CARD The data to read is on the "cards" below. 
PRINT FORMATS PARTY,SEX (A) To print the PARTY and SEX, use "A" fonmat. 
CROSSTABS TABLES=SEX BY PARTY Prtnt table showing how SEX relates to PARTY. 
READ INPUT DATA The data to read is on the following Lines. 
RF 

DM 

RM 

RM 

DF " ” 

DM the "data cards 

DF 

DF 

RM 

DF 

FINISH The program is finished. 


In the top line, the word PARTY begins in column 16. Most SPSS statements consist 
of a control field (columns 1-15) followed by a specification field (columns 16-80). 
When you run the program, the computer will print this kind of table: 


ROW 
R D TOTAL 
M 5 
50.0% 
30.0% | 20.0% 
F P) 
20.0%) 80.0%} 50.0% 
25.0%| 66.7% 
10.0%} 40.0% 
COLUMN 4 6 10 


TOTAL 40.0% 60.0% 100.0% 


Look at the top number in each box. Those numbers say there were 3 male 
Republicans, 2 male Democrats, 1 female Republican, and 4 female Democrats. The 
first box says: the 3 male Republicans were 603% of the males, 75% of the Republicans, 
and 30% of the total population. 

The computer prints the table in reverse- alphabetical order: "M" before "F", and 
"R" before "D". Each row is a SEX, and each column is a PARTY. In the program, if 
you change "SEX BY PARTY" to "PARTY BY SEX", each row will bea PARTY, and 
each column will be a SEX. 

Fancy features. The CROSSTABS statement has options. Here are some of them. 


option 3: don't print the row percentages (the 60.0%, 40.0%, 20.0%, and 80. 03) 
option 4: don't print the column percentages (the 75. 0%, 33. 33, 25.0%, and 66. 73) 
option 5: don't print the total percentages (the 30.0%, 20.0%, 10.0%, and 40. 03) 


If you want options 3 and 5, insert this statement underneath the CROSSTABS 
statement: 


OPTIONS SWB) 
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The CROSSTABS statement has statistics. Here are some of them: 


chi-square, its degrees of freedom, and its level of significance 
phi or Cramer's V 

contingency coefficient 

lambda, symmetric and asymmetric 

uncertainty coefficient, symmetric and asymmetric 

Kendall's tau b and its level of significance 

Kendall's tau c and its level of significance 

gamma 

. Somer's D 


$0 RN Bee ae 


Those statistics are numbers that help you analyze the crosstab table. If you want 
statistics 1 and 8, insert this statement underneath the CROSSTABS and OPTIONS 
statements: 


STATISTICS 1,8 


It makes the computer print statistics 1 and 8 underneath the table. If you want the 
computer to print all 9 statistics, say: 


STATISTICS ALL 


The CROSSTABS statement is called a procedure. Here are other procedures 
SPSS can handle: 


AGGREGATE ANOVA BREAKDOWN CANCORR CONDESCRIPTIVE DISCRIMINANT 
FACTOR FREQUENCIES GUTTMAN SCALE NONPAR CORR ONEWAY PARTIAL CORR 
PEARSON CORR REGRESSION SCATTERGRAM T=tESL WRITE CASES 


Each procedure has its own OPTIONS and STATISTICS. 
SPSS includes many other kinds of statements: 


ADD CASES ADD DATA LIST ADD SUBFILES ADD VARIABLES ALLOCATE ASSIGN MISSING 
COMMENT COMPUTE COUNT DATA LIST DELETE SUBFILES DELETE VARS DO REPEAT 
DOCUMENT EDIT END REPEAT FILE NAME GET ARCHIVE GET FILE IF KEEP VARS 
LIST ARCHINFO LIST CASES LIST FILEINFO MERGE FILES MISSING VALUES NUMBERED 
PAGESIZE PRINT BACK RAW OUTPUT UNIT READ MATRIX RECODE REORDER VARS 

RUN NAME RUN SUBFILES SAMPLE SAVE ARCHIVE SAVE FILE SELECT IF SORT CASES 
SUBFILE LIST TASK NAME VALUE LABELS WEIGHT WRITE FILEINFO 


SPSS contains more statistical features than any other language. If you don't 


need quite so many features, use an easier language, such as STATPAK or 
DATATEXT. 
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PROLOG 
In 1972, PROLOG was invented in France at the University of Marseilles. In 1981, a 
different version of PROLOG arose in Scotland at the University of Edinburgh. In 
1986, Turbo PROLOG was created in California by Borland International (which also 
created Turbo PASCAL). 

Those versions of PROLOG are called Marseilles PROLOG, Edinburgh PROLOG, 
and Turbo PROLOG. 

Today, PROLOG programmers call Marseilles PROLOG the "old classic", 
Edinburgh PROLOG the "current standard", and Turbo PROLOG the "radical 
departure". 

Turbo PROLOG has two advantages over its predecessors: it runs programs 
extra-fast, and it uses English words instead of weird symbols. On the other hand, 
it requires extra lines at the beginning of your program, to tell the computer which 
variables are strings. 

The ideal PROLOG would be a compromise, incorporating the best features of 
Marseilles, Edinburgh, and Turbo. Here's how to use the ideal PROLOG, and how 
the various versions differ from it. ... 

Creating the database. PROLOG analyzes relationships. Suppose Alice loves 
tennis and sailing, Tom loves everything that Alice loves, and Tom also loves football 
(which Alice does not love). To feed all those facts to the computer, give these 
PROLOG commands: 


lLoves(alice,tennis). 
Loves(alice, sailing). 
Loves(tom,X) if loves(Calice,X). 
Loves(tom,football). 


The top two lines say Alice loves tennis and sailing. In the third line, the "X" 
means "something", so that line says: Tom loves something if Alice loves it. The 
bottom line says Tom loves football. 

When you type those lines, be careful about capitalization. You must capitalize 
variables (such as X). You must not capitalize specifics (such as tennis, sailing, 
football, alice, tom, and love). 

At the end of each sentence, put a period. 

That's how to program by using ideal PROLOG. Here's how other versions of 
PROLOG differ. ... 

For Edinburgh PROLOG, type the symbol ":-" instead of the word "if", 

For Marseilles PROLOG, replace the period by a semicolon, and replace the word 
"if" by an arrow (->), which you must put in every line: 


Loves(alice,tennis)->; 
Loves(alice, sailing)->; 
Loves(tom,X) -> loves(alice,X); 
Loves(tom,football)->; 


For Turbo PROLOG, you must add extra lines at the top of your program, to warn 
the computer that the person and sport are strings ("symbols"), and the word 
"loves" is a verb ("predicate") that relates a person to a sport: 


domains 
person,sport=symbo lL 

predicates 
Loves (person,sport) 

clauses 
Loves(alice,tennis). 
lLovesCalice, sailing). 
Loves(tom,X) if loves(Calice,X). 
Loves(tom,football). 


(To indent, press the TAB key. To stop indenting, press the left- arrow key.) When 
you've typed all that, press the ESCape key and then the R key (which means Run). 
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Simple questions. After you've fed the database to the computer, you can ask the 
computer questions about it. 
Does Alice love tennis? To ask the computer that question, type this: 


LovesCalice,tennis)? 
The computer will answer: 
yes 
Does Alice love football? Ask this: 
LovesCalice, football)? 
The computer will answer: 


no 


That's how the ideal PROLOG works. Other versions differ. Marseilles PROLOG:is 
similar to the ideal PROLOG. Turbo PROLOG omits the question mark, says "true" 
instead of "yes", and says "false" instead of "no". Edinburgh PROLOG puts the 
question mark at the beginning of the sentence instead of the end, like this: 


?-loves(alice,tennis). 

Advanced questions. What does Alice love? Does Alice love something? Ask this: 
Loves Calice,X)? 
The computer will answer: 


X=tennis 
X=sailing 
2 solutions 


What does Tom love? Does Tom love something? Ask: 
Loves(tom,X)? 
The computer will answer: 


X=tennis 
X=sailing 
X=football 
3 solutions 


Who loves tennis? Ask: 
Loves (X,tennis) ? 
The computer will answer: 


X=alice 
X=tom 
2 solutions 


Does anybody love hockey? Ask: 
Loves (X,hockey) ? 


The computer doesn't know of anybody who loves hockey, so the computer will 
answer: 


no solution 

Does Tom love something that Alice doesn't? Ask: 
Loves(tom,X) and not(loves(alice,X))? 
The computer will answer: 


X=football 
1 solution 


That's ideal PROLOG. 
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Turbo PROLOG is similar to ideal PROLOG. For Marseilles PROLOG , replace the 
word "and" by a blank space. 

For Edinburgh PROLOG, replace the word "and" by acomma. After the computer 
finds a solution, type a semicolon, which tells the computer to find others; when the 
computer can't find any more solutions, it says "no" (which means "no more 
solutions") instead of printing a summary message such as "2 solutions". 

PROLOG's popularity. After being invented in France, PROLOG quickly became 
popular throughout Europe. 

Its main competitor was LISP, which was invented in the United States before 
PROLOG. Long after PROLOG's debut, Americans continued to use LISP and ignored 
PROLOG. 

In the 1980's, the Japanese launched the Fifth Generation Project, which was an 
attempt to develop a more intelligent kind of computer. To develop that computer's 
software, the Japanese decided to use PROLOG instead of LISP, because PROLOG 
was non-American and therefore furthered the project's purpose, which was to 
one-up the Americans. 

When American researchers heard that the Japanese chose PROLOG as a software 
weapon, the Americans got scared and decided to launch a counter-attack by 
learning PROLOG also. 

When Borland—an American company—developed Turbo PROLOG, American 
researchers were thrilled, since Turbo PROLOG ran faster than any other PROLOG 
that had ever been invented. It ran faster on a cheap IBM PC than Japan's PROLOG 
ran on Japan's expensive maxicomputers! The money that J apan had spent on 
maxicomputers was wasted! The Americans giggled with glee. 

Moral: though the Japanese can beat us in making hardware, we're still way 
ahead in software. 

But wouldn't it be great if our countries could work together and share talents? 
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NUMBER $YSTEMS 


COMPUTERS AREN'T HUMAN 
Most humans use the decimal system, which consists of ten digits (0, 1, 2, Sy44, Sa 
6, 7, 8, 9), because humans have ten fingers. The computer does not have fingers, 
so it prefers other number systems instead. Here they are.... 


BINARY 
Look at these powers of 2: 
20 tread 
Ha 
2¢4=m4 
220288 
2+=.16 
2 32 
205 = 64 


Now try an experiment: pick your favorite positive integer, and try to write it 
as a sum of powers of 2. For example, suppose you pick 45. You can write it as 
32+8+4+1. Suppose you pick 74; you can write it as 64+8+2. Suppose you pick 77; 
you can write it as 64+8+4+1. Every positive integer can be written as a sum of 
powers of 2. 

Let's put those examples in a table: 
ORIGINAL WRITTEN AS A SUM’ DOES THE SUM CONTAIN... 
NUMBER OF POWERS OF 2 SE Ae OE OE RE EE 
74 64+8+2 es no no yes no_ yes no 
id 64+8+4+1 es no no es yes no. yes 


To write those numbers in the binary system, replace "no" by 0 and "'yes" by 1: 
DECIMAL SYSTEM BINARY SYSTEM 


The decimal system*uses the digits 0, 1, 2, 3, 4.55 6,°7.%8, and 9 and uses theam 
columns: 
thousands hundreds tens units 
For example, the decimal number 7105 means ''7 thousands + 1 hundred + 0 tens + 5 unit 

The binary system uses only the digits 0 and 1, and uses these coiumns: 
sixty-fours thirty-twos sixteens eights fours twos units 
For example, the binary number 1001101 means ''1 sixty-four + 0 thirty-twos + 0 sixtee 
1 eight + 1 four + 0 twos + 1 unit't; in other words, it means seventy-seven. 

In elementary school, you were taught how to do arithmetic in the decimal system. 
You had to memorize the addition and multiplication tables: 

DECIMAL ADDITION DECIMAL MULTIPLICATION 


Oy 2 3 eo NG ae (al eo seo kG 678 
ofo 1 8 ofo oO 
thn 2 9 ie | Ome! 
PA wes e| Gt. 2 
Rye 3] Ot, 3 
41/4 5 410 4 
SIs 6 Geld #5 
ela of 610 6 
elt 8 7 \Otee 
8.] 8 slo 8 
99 10.11) 12 910 9 
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In the binary system, the only digits are 0 and 1, so the tables are briefer: 
BINARY ADDITION BINARY MULTIPLICATION 
OoaaL 0 


1 
0 Or Ono 
1 1OKbecause two is written 1J0o 1 


"10" An binary 
If society had adopted the binary system instead of the decimal system, you would 
have been spared many hours of memorization! 


Usually, when you ask the computer to perform a computation, it converts your 
numbers from the decimal system to the binary System, performs the computation by 
using the binary addition and multiplication tables, and then converts the answer 
from the binary system to the decimal System, so you can read it. For example, 
if you ask the computer to print 45+74, it will do this: 

45 converted to binary is 101101 
+74 converted to binary is +1001010 
1110111 converted to decimal is 119 


ane 1+1=10 

The conversion from decimal to binary and then back to decimal is slow. But the 
computation itself (in this case, addition) is quick, since the binary addition 
table is so simple. The only times the computer must convert is during input 
(decimal to binary) and output (binary to decimal). The rest of the execution is 
performed quickly, entirely in binary. 

You know fractions can be written in the decimal system, by using these columns: 
units point tenths hundredths thousandths 


For example, 12 can be written as 1.625, which means "1 unit + 6 tenths + 2 hundredths + 


5 thousandths". 
To write fractions in the binary system, use these columns instead: 
units point halves fourths eighths 


For example, 12 is written in binary as 1.101, which means "1 unit + 1 half + 0 fourths + 
1 eighth". 

You know zis written in the decimal system as 0.3333333..., which unfortunately 
never terminates. In the binary system, the situation is no better: zis written 
as 0.010101.... Since the computer stores only a finite number of digits, it cannot 
store > accurately—it stores only an approximation. 

A more distressing example is =. In the decimal syecem, it's .2, but.2an the binary 


5 


system it's .0011001100110011..:. So the computer can't handle = accurately, even 


though a human can. a 
Most of today's microcomputers and minicomputers are crude attempts to imitate 


a famous maxicomputer built by DEC and called the DECsystem-10 (or PDP-10). 
Though DEC doesn't sell the DECsystem-10 anymore, its influence lives on! 
Suppose you run this BASIC program on a DECsystem-10 (PDP-10) computer: 
10 PRINT ''MY FAVORITE NUMBER IS''4.001-4 
20 END 
The computer will try to convert 4.001 to binary. Unfortunately, it can't be converted 
exactly; the computer's binary approximation of it is slightly too small. The computer's 
final answer to 4.001-4 is therefore slightly less than the correct answer. Instead 
of printing MY FAVORITE NUMBER IS .001, the computer will print MY FAVORITE NUMBER 
‘IS .000999987. 
If your computer isn't a PDP-10, its approximation will be slightly different. 
To test your computer's accuracy, try 4.0001-4, and 4.00001-4, and 4.000001-4, etc. 
You might be surprised at its answers. 
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Let's see how the PDP-10 handles this: 
10 FOR X= 75308195 «STEP Ow 


20 PRINT X 
30 NEXT X 
40 END 


The computer will convert 7 and 193 to binary accurately, but will convert .1 to 
binary only approximately; the approximation is slightly too large. The last few 
numbers it should print are 192.8, 192.9, and 193, but because of the approximation 
it will print slightly more than 192.8, then slightly more than 192.9, and then stop 
(since it is not allowed to print anything over 193). 

There are only two. binary ‘digits: Oeandel. A Ginary digii.is called agp77. 
For example, .001100110011 is a binary approximation of = that consists of twelve 
bits. A sixteen-bit approximation of = would be. ..0O11TQ0011001L001L. . A bit that aaa 


is called turned on; a bit that is 0 is turned off. For example, in the expression 
11001, three bits are turned on and two are off. We also say that three of the bits 
are set and two are cleared. 

All information inside the computer is coded, in the form of bits: 


PART. OR Tne COMPUTER WHAT A 1 BIT IS WHAT A 0 BIT IS 

electric wire high voltage low voltage 

punched paper tape a DOL An cue cape no hole in the tape 

punched IBM card a hole in the. card no, hole in ihe card 

magnetic drum a magnetized area a non-magnetized area 

core memory a core magnetized clockwise a core magnetized counterclockwi: 
flashing light the light is on the light is off 


For example, to represent 11 on part of a punched paper tape, the computer punches 
two holes: close togethers’ “To~represent T1017 the computer punches ijtwojioles close 
together, and then another hole farther away. 


OCTAL 
Octal is a short-hand notation for binary: 
OCTAL MEANING 


0 000 
1 001 
Z 010 
~) O11 
4 100 
5 101 
6 110 
i, tat 


Each octal digit stands for three bits. “For example, the octal number 72 is short 
for LitQig. 


aad 
To convert a binary integer to octal, divide the number into chunks of three bits, | 
Starting at the right. For example, here's how to convert 11110101 to octal: 
PAA OTOL 


Cal Moke pe) 
To convert a binary real number to octal, divide the number into chunks of three 
bits, starting at the decimal point and working in both directions: 


UE fle tea 
Hi an Pe ee 


si Taira 
ge" 
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HEXADECIMAL 
Hexadecimal is another short-hand notation for binary: 
HEXADECIMAL MEANING 
0 - 0000 
1 0001 
2 0010 
3 0011 
4 0100 
5 0101 
6 0110 
7 0111 
8 1000 
9 1001 
A 1010 
B 1011 
C 1100 
D 1101 
E 1110 
F shh By 
For example, the hexadecimal number 4F is short for O10Qi111. To convert a binary 


eb 
number to hexadecimal, divide the number into chunks of 4 bits, starting at the 
decimal point and working in both directions: 


0 


ca Gould) Thky sé 
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CHARACTER COMES 


ASCII 
To store a character in a string, the computer uses a code. The most famous code 
is the American Standard Code for Information Interchange (ASCII), which has 7 bits 
for each character. Here are examples: 


CHARACTER ASCII CODE ASCII CODE CHARACTER ASCII CODE ASCII CODE 
IN HEXADECIMAL IN HEXADECIMAL 
space 0100000 20 0 0110000 30 
! 0100001 Zt i 0110001 oe 
“4 0100010 22 2 0110010 32 
# 0100011 23 etc 
$ 0100100 24 9 0111001 39 
% 0100101 25 : 0111010 3A 
& 0100110 26 : 0111011 3B 
: 0100111 ey < 0111100 3C 
( 0101000 28 = 0111101 3D 
) 0101001 29 > 0111110 3E 
3 0101010 2A t OLIITEE 3F 
+ 0101011 2B @ 1000000 40 
. 0101100 ZC A 1000001 41 
- 0101101 2D B 1000010 42 
A 0101110 2E G 1000011 43 
VA 0101111 2F etc 
ys 1011010 5A 
C 1011011 5B 
N 1011100 5C 
J 1011101 5D 
+ 1011110 5E 
~ 1Otp iid 5F 


"ASCII" is pronounced "ass key". 

Most terminals use 7-bit ASCII. Most microcomputers and the PDP-11 use an 
"8-bit ASCIL" formed by putting a 0 before 7-bit ASCII. PDP-8 computers use 
mainly a "6-bit ASCII" formed by eliminating 7-bit ASCII's leftmost bit, but 
they can also handle an '8-bit ASCII" formed by putting a 1 before 7-bit ASCII. 
PDP-10 computers use mainly 7-bit ASCII but can also handle a "6-bit ASCII" 
formed by eliminating ASCII's second bit: for example, the 6-bit ASCII code 
for the symbol $ is 0 00100. CDC computers use a special CDC 6-bit code. 
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EBCDIC 
Instead of using ASCII, IBMmainframesuse the Extended Binary-Coded-Decimal Interchange 
Code (EBCDIC), which has 8 bits for each character. Here are examples: 


CHARACTER EBCDIC CODE CHARACTER EBCDIC CODE CHARACTER EBCDIC CODE 
IN HEXADECIMAL IN HEXADECIMAL IN HEXADECIMAL 
space 40 = 60 A C1 
¢ 4A / 61 B C2 
< 4C F 6B chek 
( 4D % 6C i C9 
+ 4E 6D J D1 
| 4F 6E K D2 
& 50 ? 6F etc 
! SA : 7A R D9 
$ 5B # 7B S ce 
Ne 5C @ Te T ES 
) 5D : 7D etc 
; a 0 = 7E Z E9 
= SF " 7F 0 FO 
i} Fl 
ete 
9 FQ 


NEBCDIC™ is pronounced “ebb sih Dick". 

IBM 360 computers can also handle an ''8-bit ASCII", formed by copying ASCII's first 

bit after the second bit: for example, the 8-bit ASCII code for the symbol $ is 
1000100. But IBM 370 computers (which are newer than IBM 360 computers) don't bother 
with ASCII: they stick strictly with EBCDIC. 

80-column IBM cards use Hollertth code, which resembles EBCDIC but has 12 bits 
instead of 8. 96-column IBM cards use a 6-bit code that's an abridgement of the 
Hollerith’ code. 

Here's a program in BASIC: 

10 IF '"9"'<"A" THEN 100 

20 PRINT "CAT" 

30 STOP 

100 PRINT "DOG" 

110 END 

Which will the computer print: CAT or DOG? The answer depends on whether the 
computer uses ASCII or EBCDIC. 

Suppose the computer uses 7-bit ASCII. Then the code for "9" is hexadecimal 39, 
and the code for "A" is hexadecimal 41. Since 39 is less than 41, the computer 
considers '9'" to be less than "A", so the computer prints DOG. 

But if the computer uses EBCDIC instead of ASCII, the code for "9" is hexadecimal 
F9, and the code for "A" is hexadecimal Cl; since F9 is greater than Cl, the computer 
considers '9"' to be greater than "A", so the computer prints CAT. 


BYTES 
A byte usually means: eight bits. For example, here's a byte: (10001011. 

For computers that use 7-bit ASCII, programmers sometimes define a byte to be 7 
bits instead of 8. For computers that use 6-bit ASCII, programmers sometimes define 
a byte to be 6 bits. So if someone tries to sell you a computer whose memory can 
hold ''16,000 bytes", he probably means 16,000 8-bit bytes, but might mean 7-bit 
bytes or 6-bit bytes. 


NIBBLES 
Aibble as 4 bits¥ “lt's®half-of an ’8-bit’ byte. Sinceé a*hexadecimal digit. Stands 
for 4 bits, a hexadecimal digit stands for a nibble. 
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FUNDAMENTALS 
In this chapter, you'll learn the fundamental concepts of assembly language, quickly 
and easily. 

Unfortunately, different CPU's have different assembly languages. 

I've invented an assembly language that combines the best features of all the 
other assembly languages. My assembly language is called SEXY ASS, because it's a 
Simple, EXcellent, Yummy ASSembler. 

After you study the mysteries of the SEXY ASS, you can easily get your rear in 
gear and become the dominant master of the assemblers sold for Apple, Radio Shack, 
IBM, DEC, etc. Mastering them will become so easy that you'll say, "Assembly 
language is a piece of cheesecake!" 

To begin, let's get a close-up view of the SEXY ASS... . 

CPU registers. The computer's guts consists of two main parts: the brain (which 
is called the CPU) and the main memory (which consists of RAM and ROM). 

Inside the CPU are many electronic boxes, called registers. Each register holds 
several electrical signals; each signal is called a bit; so each register holds several 
bits. Each bit is either 1 or 0. A '"1" represents a high voltage; a"0" represent a low 
voltage. If the bit is 1, the bit is said to be high oron or set or true; if the bit is 0, 
the bit is said to be /Jow or off or cleared or false. 

The CPU's most important register is called the accumulator (or A). In the SEXY 
ASS system, the accumulator consists of 8 bits, whichis 1 byte. (Later, I'll explain 
how to make the CPU handle several bytes simultaneously; but the accumulator itself 
holds only 1 byte.) 

Memory locations. Like the CPU, the main memory consists of electronic boxes. 
The electronic boxes in the CPU are called registers, but the electronic boxes jn the 
main memory are instead called memory locations. Because the main memory acts like 
a gigantic post office, the memory locations are also called addresses. In the SEXY 
ASS system, each memory location holds 1 byte. There are many thousands of 
memory locations; they're numbered 0, 1, 2, 3, etc. 

Number systems. When using SEXY ASS, you can type numbers in decimal, 
binary, or hexadecimal. (For SEXY ASS, octal isn't useful.) For example, the 
number "twelve" is written "12" in decimal, "1100" in binary, and "C" in 
hexadecimal. To indicate which number system you're using, put a percent sign in 
front of each binary number, and put a dollar sign in front of each hexadecimal 
number. For example, in SEXY ASS you can write the number "twelve" as either 12 
or 61100 or $C. (In that respect, SEXY ASS copies the 6502 assembly language, 
which also uses the percent sign and the dollar sign.) 

Most of the time, we'll be using hexadecimal, so let's quickly review what 


hexadecimal is all about. To count in hexadecimal, just start counting as you learned 
in elementary school ($1, $2, $3, $4, $5, $6, $7, $8, $9); but after £9. you continue 
counting by using the letters of the alphabet ($A, $B, $C, $D, $E, and $F). After $F 
(which is fifteen), you say $10 (which means sixteen), then say $11 (which means 
seventeen), then $12, then $13, then $14, etc., until you reach $19; then come $1A, 
$1B, $1C, $1D, $1E, and $1F. Then come $20, $21, $22, etc., up to $29, then $2A, 
$2B, $2C, $2D, $2E, and $2F. Then comes $30. Eventually, you get up to $99, then 
$9A, $9B, $9C, $9D, $9E, and $9F. The come $A0, $A1, $A2, etc., up to $AF. Then 
come $B0, $B1, $B2, etc., up to $BF. You continue that pattern, until you reach 
$FF. Get together with your friends, and try counting up to $FF. (Don't bother 
pronouncing the dollar signs.) Yes, you too can count like a pro! 


Each hexadecimal digit represents 4 bits. Therefore, an 8-bit byte requires two 
hexadecimal digits. So a byte can be anything from $00 to $FF. 


ces 
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Main segment. I said that the main memory consists of thousands of memory 
locations, numbered 0, 1, 2, ete. The most important part of the main memory is 
called the main memory bank or main segment: that part consists of 65,536 memory 
locations (64K), which are numbered from 0 to 65,535. Programmers usually number 
them in hexadecimal; the hexadecimal numbers go from $0000 to $FFFF. ($FFFF in 
hexadecimal is the same as 65,535 in decimal.) Later, I'll explain how to use other 
parts of the memory; but for now, let's restrict our attention to just 64K main 
segment. 


How to copy a byte. Here's a simple, one-line program, written in the SEXY ASS 
assembly language: 


LOAD $7000 


It makes the computer copy one byte, from memory location $7000 to the accumulator. 
So after the computer obeys that instruction, the accumulator will contain the same 
data as the memory location. For example, if the memory location contains the byte 
01001111 (which can also be written as $4F), so will the accumulator. 

Notice the spaces before and after the word LOAD. To make those spaces, hit the 
TAB key (or press the space bar many times). 

The word LOAD tells the computer to copy from a memory location to the 
accumulator. The opposite of the word LOAD is the word STORE: it tells the 
computer to copy from the accumulator to a memory location. For example, if you 
type— 

STORE $7000 


the computer will copy a byte from the accumulator to memory location $7000. 

Problem: write an assembly-language program that copies a byte from memory 
location $7000 to memory location $7001. Solution: you must do it in two steps. First, 
copy from memory location $7000 to the accumulator (by using the word LOAD); then 
copy from the accumulator to memory location $7001 (by using the word STORE). 
Here's the program: 


LOAD $7000 
STORE $7001 


ARITHMETIC 
If you say— 


INC 


the computer will increment (increase) the number in the accumulator, by adding 1 
to it. For example, if the accumulator contains the number $25, and you then say 
INC, the accumulator will contain the number $26. For another example, if the 
accumulator contains the number $39, and you then say INC, the accumulator will 
contain the number $3A (because, in hexadecimal, after 9 comes A). 

Problem: write a program that increments the number that's in location $7000; for 
example, if location $7000 contains $25, the program should change that data, so that 
location $7000 contains $26 instead. Solution: copy the number from location $7000 to 
the accumulator, tnen increment the number, then copy it back to location 
$7000. ... 


LOAD $7000 
INC 
STORE $7000 


That example illustrates the fundamental rule of assembly-language 
programming, which is: to manipulate a memory location's data, copy the data to the 
accumulator, manipulate the accumulator, and then copy the revised data from the 
accumulator to memory. | 

The opposite of INC is DEC: it decrements (decreases) the number in the 
accumulator, by subtracting 1 from it. 
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If you say— 
ADD $7000 


the computer will change the number in the accumulator, by adding to it the number 
that was in memory location $7000. For example, if the accumulator had contained the 
number $16, and memory location $7000 had contained the number $43, the number in 
the accumulator will change and become the sum, $59. The number in memory 
location $7000 will remain unchanged: it will still be $16. 

Problem: find the sum of the numbers in memory locations $7000, $7001, and 
$7002, and put that sum into memory location $7003. Solution: copy the number from 
memory location $7000 to the accumulator, then add to the accumulator the numbers 
from memory locations $7001 and $7002, so that the accumulator contains the sum of 
all three numbers; finally, copy the sum from the accumulator to memory location 
SIONS 


LOAD $7000 
ADD $7001 
ADD $7002 
STORE $7003 


The opposite of ADD is SUB, which means SUBtract. If you say SUB $7000, the 
computer will change the number in the accumulator, by subtracting from it the 
number in memory location $7000. 


IMMEDIATE ADDRESSING 
If you say— 


LOAD #$25 


the computer will put the number $25 into the accumulator. The $25 is the data. In 
the instruction "LOAD #$25", the symbol "#" tells the computer that the $25 is the 
data instead of being a memory location. 

If you were to omit the #, the computer would assume the $25 meant memory 
location $0025, and so the computer would copy data from memory location $0025 to 
the accumulator. 

An instruction that contains the symbol #is said to be an immediate instruction; it 
is said to use immediate addressing. Such instructions are unusual. 

The more usual kind of instruction, which does not use the symbol #, is called a 
direct instruction. 

Problem: change the number in the accumulator, by adding $12 to it. Solution: 


ADD #$12 


Problem: change the number in memory location $7000, by adding $12 to that 
number. Solution: copy the number from memory location $7000 to the accumulator, 
add $12 to it, and then copy the sum back to the memory location. . . . 


LOAD $7000 
ADD #$12 
STORE $7000 


Problem: make the computer find the sum of $16 and $43, and put the sum into 
memory location $7000. Solution: put $16 into the accumulator, add $43 to it, and 
then copy the sum from the accumulator to memory location $7000. ... 


LOAD #$16 
ADD #$43 
STORE $7000 
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VIDEO RAM 
The video RAM is part of the computer's RAM, and holds a copy of what's on the 
screen. El CPR ot ee eee © oe oe te 

For example, suppose you're running a program that analyzes taxicabs, and the 
screen (of your TV or monitor) shows information about various cabs. If the 
upper-left corner of the screen shows the word CAB, the video RAM contains the 
ASCII code numbers for the letters C, A, and B. Since the ASCII code number for C 
is 67 (which is $43), and the ASCII code number for A is 65 (which is $41), and the 
ASCII code number for B is 66 (which is $42), the video RAM contains $43, $41, and 
$42. The $43, $41, and $42 represent the word CAB. 

Suppose that the video RAM begins at memory location $6000. If the screen's 
upper-left corner shows the word CAB, memory location $6000 contains the code for 
C (which is $43); the next memory location ($6001) contains the code for A (which is 
$41); and the next memory location ($6002) contains the code for B (which is $42). 

Problem: assuming that the video RAM begins at location $6000, make the 
computer write the word CAB onto the screen's upper-left corner. Solution: write 
$43 into memory location $6000, write $41 into memory location $6001, and write $42 
into memory location $6002. ... 


LOAD #$43 
STORE $6000 
LOAD #$41 
STORE $6001 
LOAD #$42 
STORE $6002 


The computer knows that $43 is the code number for "C". When you're writing 
that program, if you're too lazy to figure out the $43, you can simply write "C"; the 
computer will understand. So you can write the program like this: 


LOAD id Oba 
STORE %6000 
LOAD AVA" 
STORE $6001 
LOAD #'B" 
STORE $6002 


That's the solution if the video RAM begins at memory location $6000. On your 
computer, the video RAM might begin at a different memory location instead. To find 
out about your computer's video RAM, look at the back of the technical manual that 
came with your computer. There you'll find a memory map: it shows which memory 
locations are used by the video RAM, which memory locations are used by other 
RAM, and which memory locations are used by the ROM. 


ai 
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FLAGS 
The CPU contains flags. Here's how they work. 

Carry flag. A byte consists of 8 bits. The smallest number you can put into a 
byte is 300000000. The largest number you can put into a byte is 411111111, which in 
hexadecimal is $FF, and which in decimal is 255. 

What happens if you try to go higher than %11111111? To find out, examine this 
program: 


LOAD #%10000001 
ADD #%10000010 


In that program, the top line puts the binary number %10000001 into the 
accumulator. The next line tries to add %10000010 to the accumulator. But the sum, 
which is %100000011, contains 9 bits instead of 8, and therefore can't fit into the 
accumulator. 


The computer splits that sum into two parts: the left bit (1) and the remaining 
bits (00000011). The left bit (1) is called the carry bit; the remaining bits (00000011) 
are called the ta//. Since the tail contains 8 bits, it fits nicely into the accumulator; 
so the computer puts it into the accumulator. The carry bit is put into a special place 


inside the CPU; that special place is called the carry flag. 
So that program makes the accumulator become 00000011, and makes the carry 
flag become 1. 


Here's an easier program: 


LOAD #71 
ADD #210 


The top line puts %1 into the accumulator; so the accumulator's 8 bits are %00000001. 
The bottom line adds %10 to the number in the accumulator; so the accumulator's 8 
bits become %00000011. Since the numbers involved in that addition were so small, 
there was no need for a 9th bit—no need for a carry bit. To emphasize that no carry 
bit was required, the carry flag automatically becomes 0. 

Here's the rule: if an arithmetic operation (such as ADD, SUB, INC, or DEC) 
gives a result that's too long to fit into 8 bits, the carry flag becomes 1; otherwise, 
the carry flag becomes 0. 
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Negatives. The largest number you can fit into a byte is $11111111, which in 
decimal is 255. Suppose you try to add 1 to it. The sum is %100000000, which in 
decimal is 256. But since 4100000000 contains 9 bits, it's too long to fit into a byte. So 
the computer sends the leftmost bit (the 1) to the carry flag, and puts the tail (the 
00000000) into the accumulator. As a result, the accumulator contains 0. 

So in assembly language, if you tell the computer to do $11111111+1 (which is 
2559+1), the accumulator says the answer is 0 (instead of 256). 

So in assembly language, %11111111+1 is 0. In other words, %11111111 solves the 
equation x+1=0. 

According to high-school algebra, the equation x+1=0 has this solution: x=-1. 
But we've seen that in the assembly language, the equation x+1=0 has the solution 
x=%11111111. Conclusion: in assembly language, -1 is the same as %11111111. 

Now you now that -1lis the same as $11111111, which is 255. Yes, -1is the same as 
255. Similarly, -2 is the same as 254; -3is the same as 253; -4 is the same as 252. 
Here's the general formula: -n is the same as 256-n. (That's because 256is the same 
as 0.) 

11111111 is 255 and is also -1. Since -1 is a shorter name than 255, we say that 
11111111 is interpreted as -1. Similarly, $11111110 is 254 and also -2; since -2isa 
shorter name than 254, we say that %11111110 is interpreted as -2. At the other 
extreme, %00000010 is 2 and is also - 254; since 2is a shorter name than - 254, we say 
that 611111110 is interpreted as 2. Here's the rule: if a number is "almost" 256, it's 
interpreted as a negative number; otherwise, it's interpreted as a positive number. 

How high must a number be, in order to be "almost" 256, and therefore to be 
interpreted as a negative number? The answer is: if the number is at least 128, it's 
interpreted as a negative number. Putting it another way, if the number's leftmost 
bit is 1, it's interpreted as a negative number. 

That strange train of reasoning leads to the following definition: a negative 
number is a byte whose leftmost bit is 1. 

A byte's leftmost bit is therefore called the negative bit or the sign bit. 

ae register. You've seen that the CPU contains a register called the 
accumulator. The CPU also contains a second register, called the flag register. In 
the SEXY ASS system, the flag register contains 8 bits (one byte). Each of the 8 bits 
in the flag register is called a flag; so the flag register contains 8 flags. 

Each flag is a bit: it's either 1 or 0. If the flag is 1, the flag is said to be up or 
raised or set. If the flag is 0, the flag is said to be down or lowered or cleared. 

One of the 8 flags is the carry flag: it's raised (becomes 1) whenever an 
arithmetic operation requires a 9th bit. (It's lowered whenever an arithmetic 
operation does not require a 9th bit.) 

Another one of the flags is the negative flag: it's raised whenever the number in 
the accumulator becomes negative. For example, if the accumulator becomes 
$11111110 (which is -2), the negative flag is raised (i.e. the negative flag becomes 
1). It's lowered whenever the number in the accumulator becomes non-negative. 

Another one of the flags is the zero flag: it's raised whenever the number in the 
accumulator becomes zero. (It's lowered whenever the number in the accumulator 
becomes non-zero.) 
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JUMPS 
You can give each line of your program a name. For example, you can give a line the 
name FRED. To do so, put the name FRED at the beginning of the line, like this: 


FRED LOAD $7000 


The line's name (FRED) is at the left margin. The command itself (LOAD $7000) is 
indented, by pressing the TAB key. In that line, FRED is called the /Jabe/, LOAD is 
called the operation or mnemonic, and $7000 is called the address. 

Languages such as BASIC let you say "GO TO". In assembly language, you say 
"JUMP" instead of "GO TO". For example, to make the computer GO TO the line 
named FRED, say: 


JUMP FRED 


The computer will obey: it will JUMP to the line named FRED. 
You can say-- 


JUMPN FRED 


That means: JUMP to FRED, if the Negative flag is raised. So the computer will JUMP 
to FRED if a negative number was recently put into the accumulator. (If a 
non-negative number was recently put into the accumulator, the computer will not 
jump to FRED.) | 

JUMPN means "JUMP if the Negative flag is raised." JUMPC means "JUMP if the 
Carry flag is raised." JUMPZ means "JUMP if the Zero flag is raised." 

JUMPNL means "JUMP if the Negative flag is Lowered." JUMPCL means "JUMP if 
the Carry flag is Lowered." JUMPZL means "JUMP if the Zero flag is Lowered." 

Problem: make the computer look at memory location $7000; if the number in that 
memory location is negative, make the computer jump to a line named FRED. Solution: 
copy the number from memory location $7000 to the accumulator, to influence the 
Negative flag; then JUMP if Negative. ... 


LOAD $7000 
JUMPN FRED 


Problem: make the computer look at memory location $7000. If the number in that 
memory location is negative, make the computer print a minus sign in the upper-left 
corner of the screen; if the number is positive instead, make the computer print a 
plus sign instead; if the number is zero, make the computer print a zero. Solution: 
copy the number from memory location $7000 to the accumulator (by saying LOAD) ; 
then analyze that number (by using JUMPN and JUMPZ); then LOAD the ASCII code 
number for either "+" or "-" or "0" into the accumulator (whichever is appropriate) ; 


finally, copy that ASCII code number from the accumulator to the video RAM (by 
saying STORE)... . 


LOAD $7000 
JUMPN NEGAT 
JUMPZ ZERO 


LOAD H+" 
JUMP DISPLAY 


NEGAT LOAD Hem 
JUMP DISPLAY 


ZERO LOAD #''Q"" 
DISPLAY STORE $6000 
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MACHINE LANGUAGE 
I've been explaining assembly language. Machine language resembles assembly 
language; what's the difference? 

To find out, let's look at a machine language called SEXY MACHO (because it's a 
Simple, EXcellent, Yummy MACHine language Original). 

SEXY MACHO resembles SEXY ASS; here are the major differences. . . 

In SEXY ASS assembly language, you use words such as LOAD, STORE, INC, 
DEC, ADD, SUB, and JUMP. Those words are called operations or mnemonics. In 
SEXY MACHO machine language, you replace those words by code numbers: the code 
number for LOAD is 1; the code number for STORE is 2; INC is 3; DEC is 4; ADDis 
“nee is 6; and JUMP is 7. The code numbers are called the operation codes or op 
codes. 

In SEXY ASS assembly language, the symbol "#" indicates immediate addressing; 
a lack of the symbol "#" indicates direct addressing instead. In SEXY MACHO 
machine language, you replace the symbol "#" by the code number 1; if you want 
direct addressing instead, you must use the code number 0. 

In SEXY MACHO, all code numbers are hexadecimal. 

For example, look at this SEXY ASS instruction: 


ADD #$43 


To translate that instruction into SEXY MACHO machine language, just replace each 
symbol by its code number. Since the code number for ADD is 5, and the code 
number for #is 1, the SEXY MACHO version of that line is: 


5143 


Let's translate STORE $7003 into SEXY MACHO machine language. Since the code 
for STORE is 2, and the code for direct addressing is 0, the SEXY MACHO version of 
that command is: 


207003 


In machine language, you can't use any words or symbols: you must use their 
code numbers instead. To translate a program from assembly language to machine 
language, you must look up the code number of each word or symbol. 

An assembler is a program that makes the computer translate from assembly 
language to machine language. 

The CPU understands only machine language: it understands only numbers. It 
does not understand assembly language: it does not understands words and 


symbols. If you write a program in assembly language, you must buy an assembler, 
which translates your program from assembly language to machine language, so that 


the computer can understand it. 

Since assembly language uses English words (such as LOAD), assembly language 
seems more "human" than machine language (which uses code numbers). Since 
programmers are humans, programmers prefer assembly language over machine 
language. Therefore, the typical programmer writes in assembly language, and then 
uses an assembler to translate the program to machine language, which is the 
language that the CPU ultimately requires. 

Here's how the typical assembly-language programmer works. First, the 
programmer types the assembly-language program, and uses a word processor to 
help edit it. The word processor automatically puts the assembly-language program 
onto a disk. Next, the programmer uses the assembler, to translate the 
assembly-language program into machine language. The assembler puts the 
machine-language version of the program onto the disk. So now the disk contains 
two versions of the program: the disk contains the original version (in assembly 
language) and also contains the translated version (in machine language). The 
original version (in assembly language) is called the source code; the translated 
version (in machine language) is called the object code. Finally, the programmer 
gives a command that makes the computer copy the machine-language version (the 
object code) from the disk to the RAM and run it. 

Here's a tough question: how does the assembler translate "JUMP FRED" into 
machine language? Here's the answer... . 
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The assembler realizes that FRED is the name for a line in your program. The 
assembler hunts through your program, to find out which line is labeled FRED. When 
the assembler finds that line, it analyzes that line, to figure out where that line will 
be in the RAM, after the program is translated into machine language and running. 
For example, suppose the line that's labeled FRED will become a machine-language 
line which, when the program is running, will be in the RAM at memory location 
$2053. Then "JUMP FRED" must be translated into this command: "jump to the 
machine-language line that's in the RAM at memory location $2053". So "JUMP FRED" 


really means: 
JUMP $2053 


Since the code number for JUMP is 7, and the addressing isn't immediate (and 
therefore has code 0 instead of 1), the machine-language version of JUMP FRED is: 


702053 


SYSTEM SOFTWARE 
The computer's main memory consists of RAM and ROM. In a typical computer, the 
first few memory locations ($0000, $0001, $0002, etc.) are ROM: they permanently 
contain a program called the bootstrap, which is written in machine-language. 

When you turn on the computer's power switch, the computer automatically runs 
the bootstrap program. If your computer uses disks, the bootstrap program makes 
the computer start reading information from the disk in the main drive. In fact, it 
makes the computer copy a machine-language program from the disk to the RAM. The 
machine-language program that it copies is called the DOS. 

After the DOS has been copied to the RAM, the computer starts running the DOS 
program. The DOS program makes the computer print a message on the screen (such 
as "Welcome to CP/M" or "Welcome to MS-DOS") and print a symbol on the screen 
(such as "A>") and then wait for you to type a command. 

That whole procedure is called bootstrapping (or booting up), because of the 
phrase "pull yourself up by your own bootstraps". By using the bootstrap program, 
the computer pulls itself up to new intellectual heights: it becomes a CP/M machine 
or an MS-DOS machine or an Apple DOS machine or a TRSDOS machine. 

After booting up, you can start writing programs in BASIC. But how does the 
computer understand the BASIC words, such as PRINT, INPUT, IF, THEN, and GO 
TO? Here's how. ©. . 

While you're using BASIC, the computer is running a machine-language program, 
that makes the computer seem to understand BASIC. That machine-language 
program, which is in the computer's ROM or RAM, is called the BASIC language 
processor or BASIC interpreter. If your computer uses Microsoft BASIC, the BASIC 
interpreter is a machine-language program that was written by Microsoft 
Incorporated (a "corporation" that consists of Bill Gates and his pals). 


HOW ASSEMBLERS DIFFER 
In a microcomputer, the CPU is a single chip, called the microprocessor. The most 
popular microprocessors are the 8088, the 68000, and the 6502. 

The 8088, designed by Intel, hides in the IBM PC and clones. (The plain version 
is called the 8088; a souped-up version, called the 80286, is in the IBM PC AT.) 

The 68000, designed by Motorola, hides in the computers that rely on mice: the 
Apple Macintosh, Commodore Amiga, and Atari ST. (The plain version is called the 
68000; a souped-up version, called the 68020, is in the Macintosh 2.) 

The 6502, designed by MOS Technology (which has become part of Commodore) , 
hides in old-fashioned cheap computers: the Apple 2 family, the Commodore 64 & 128, 
and the Atari XL & XE. 

Let's see how their assemblers differ from SEXY ASS. 
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Number systems. SEXY ASS assumes all numbers are written in the decimal 
System, unless preceded by a dollar sign (which means hexadecimal) or percent sign 
(which means binary). 

68000 and 6502 assemblers resemble SEXY ASS, except that they don't 
understand percent signs and binary notation. Some stripped-down 6502 assemblers 
don't understand the decimal system either: they require all numbers to be in 
hexadecimal. 

The 8088 assembler comes in two versions. 

The full version of the 8088 assembler is called the Microsoft Macro ASseMbler 
(MASM). It lists for $150, but discount dealers sell it for just $83. It assumes all 
numbers are written in the decimal system, unless followed by an H (which means 
hexadecimal) or B (which means binary). For example, the number twelve can be 
written as 12 or as 0CH or as 1100B. It requires each number to begin with a digit: so 
to say twelve in hexadecimal, instead of saying CH you must say OCH. 

A stripped-down 8088 assembler, called the DEBUG mini-assembler, is part of 
DOS; so you get it at no extra charge when you buy DOS. It requires all numbers to 
be written in hexadecimal. For example, it requires the number twelve to be written 
as C. Do not put a dollar sign or H next to the C. 

Accumulator. Each microprocessor contains severa/ accumulators, so you must 
say which accumulator to use. The main 8-bit accumulator is called "A" in the 6502, 
"AL" in the 8088, and "D0.B" in the 68000. 

Labels. SEXY ASS and the other full assemblers let you begin a line with a label, 
such as FRED. For the 8088 full assembler (MASM), add a colon after FRED. 
Mini-assemblers (such as 8088 DEBUG) don't understand labels. 

Commands. Here's how to translate from SEXY ASS to the popular assemblers: 


What the computer will do SEXY ASS 6502 68000 8088 MASM 
put 25 in accumulator LOAD #$25 LDA #$25 MOVE.B #$25,D0 MOV AL,25H 


copy location 7000 to acc. LOAD $7000 LDA $7000 MOVE.B $7000,D0 MOV AL,[7000H] 
copy acc. to location 7000 STORE $7000 STA $7000 MOVE.B DO,$7000 MOV [ 7000H] ,AL 


add location 7000 to acc. ADD $7000 ADC $7000 ADD.B $7000,D0 ADD AL,[7000H] 

subtract loc. 7000 from acc. SUB $7000 SBC $7000 SUB.B $7000,D0 SUB AL,[7000H] 

increment accumulator INC ADC #$1 ADDQ.B #1,D0 INC AL 

decrement accumulator DEC SBC #$1 SUBQ.B #1,D0 DEC AL 

put character C in acc. LOAD #"C" LDA #'C MOVE.B #'C',DO MOV AL,"C"' 

jump to FRED JUMP FRED JMP FRED JMP FRED JMP FRED 

jump if negative JUMPN FRED BMI FRED BMI FRED JS FRED 

jump if carry JUMPC FRED BCS FRED BCS FRED JC FRED 

jump if zero JUMPZ FRED BEQ FRED BEQ FRED JZ FRED 

jump if negative lowered JUMPNL FRED BPL FRED BPL FRED JNS FRED 

jump if carry lowered JUMPCIL FRED BCC FRED BCC” FRED JNC FRED 

jump if zero lowered JUMPZL FRED BNE FRED BNE FRED JNZ FRED 
Notice that in 6502 assembler, each mnemonic (such as LDA) is three characters 

long. 


To refer to an ASCII character, SEXY ASS and 8088 MASM put the character in 
quotes, like this: "C". 68000 assembler uses apostrophes instead, like this: 'C'. 6502 
assembler uses just a single apostrophe, like this: 'C. 

Instead of saying "jump if", 6502 and 68000 programmers say "branch if" and use 
mnemonics that start with B instead of J. For example, they use mnemonics such as 
BMI (which means "Branch if MInus"), BCS ("Branch if Carry Set"), and BEQ 
("Branch if EQual to zero"). 

To make the 68000 manipulate a byte, put ".B" after the mnemonic. (If you say 
".W" instead, the computer will manipulate a 16-bit word instead of a byte. If you 
say ".L" instead, the computer will manipulate long data containing 32 bits. If you 
don't specify ".B" or ".W" or ".L", the assembler assumes you mean ".W".) 

8088 assemblers require you to put each memory location in brackets. So 
whenever you refer to location 7000 hexadecimal, you must put the 7000H in 
brackets, like this: [7000H]. 
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WHAT'S DEBUG? 
When you buy PC-DOS for your IBM PC (orMS-DOS for your clone), you get a disk 
that contains many DOS files. One of the DOS files is called DEBUG. It helps you 
debug your software and hardware. 
It lets you type special debugger commands. It also lets you type commands in 
assembly language. 


HOW TO START 
Put the main DOS disk in drive A, then turn the computer on. Type the date and 
time. 

Press the CAPS LOCK key, so that everything you type will be capitalized. If 
you're using PC-DOS instead of MS-DOS, put the disk marked "DOS Supplemental 
Programs" into drive A. 

After the A prompt, type the word DEBUG, so your screen looks like this: 


A>DEBUG 


When you press the ENTER key after DEBUG, the computer will print a hyphen, like 
this: 


After the hyphen, you can give any DEBUG command. 


REGISTERS 
To see what's in the CPU registers, type an R after the hyphen, so your screen 
looks like this: 


-R 
When you press the ENTER key after the R, the computer will print: 
AX=0000 BX=0000 cCX=0000 DX=0000 


That means the main registers (which are called AX, BX, CX, and DX) each contain 
hexadecimal 0000. Then the computer will tell you what's in the other registers, 
which are called SP, BP, SI, DI, DS, ES, SS, CS, IP, and FLAGS. Finally, the 
computer will print a hyphen, after which you can type another command. 

Editing the registers. To change what's in register BX, type RBX after the 
hyphen, so your screen looks like this: 


-RBX 
The computer will remind you of what's in register BX, by saying: 
BX 0000 


To change BX to hexadecimal 7251, type 7251 after the colon, so your screen looks 
like this: 


25 


That makes the computer put 7251 into register BX. 
To see that the computer put 7251 into register BX, say: 


Ty 
That makes the computer tell you what's in all the registers. It will begin by saying: 
AX=0000 BX=7251 CX=0000 Dx=0000 


Experiment! Try putting different hexadecimal numbers into the registers! To be 
safe, use just the registers AX, BX, CX, and DX. 
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Segment registers. The computer's RAM is divided into segments. The segment 
registers (DS, ES, SS, and CS) tell the computer which segments to use. 

Do not change the numbers in the segment registers! Changing them will make 
the computer use the wrong segments of the RAM and wreck your DOS and disks. 

The CS register is called the code segment register. It tells the computer which 
RAM segment to put your programs in. For example, if the CS register contains the 


hexadecimal number 0E9F, the computer will put your programs in segment number 
OE 9F. 


DEBUG'S MINI-ASSEMBLER 
To use assembly language, type A100 after the hyphen, so your screen looks like 
this: 
-A100 


The computer will print the code segment number, then a colon, then 0100. For 
example, if the code segment register contains the hexadecimal number 0E9F, the 
computer will print: 


OE9F:0100 


Now you can type an assembly-language program! 
For example, suppose you want to move the hexadecimal number 2794 to register 
AX and move 8156 to BX. Here's the assembly-language program: 


MOV AX,2794 
MOV BX,8156 


Type that program. As you type it, the computer will automatically put a segment 
number and memory location in front of each line, so your screen will look like this: 


OE9F:0100 MOV AX,2794 
OE9F:0103 MOV BX,8156 
OE9F:0106 


After the 0E9F:0106, press the ENTER key. The computer will stop using assembly 
language and will print a hyphen. 
After the hyphen, type G=100 106, so your screen looks like this: 


-G=100 106 


That tells the computer to run your assembly-language program, going from location 
100 to location 106, so the computer will start at location 100 and stop when it reaches 
memory location number 106. 

After running the program, the computer will tell you what's in the registers. It 
will print: 


AX=2794 BX=8156 CX=0000 DX=0000 
It will print the numbers in all the other registers also. 
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Listing your program. To list your program, type U100 after the hyphen, so your 
screen looks like this: 


-U100 


The U stands for "Unassemble", which means "list". The computer will list your 
program, beginning at line 100. The computer will begin by saying: 


OE9F:0100 B89427 MOV AX,2794 
OE9F:0103 BB5681 MOV BX,8156 


The top line consists of three parts. The left part (0OE9F:0100) is the address in 
memory. The right part (MOV AX,2794) is the assembly-language instruction 
beginning at that address. 

The middle part (B89427) is the machine-language translation of MOV AX, 2794. 
That middle part begins with B8, which is the machine-language translation of MOV 
AX. Then comes 9427, which is the machine-language translation of 2794; notice how 
machine language puts the digits in a different order than assembly language. 

That machine-language version, B 89427, occupies three bytes of RAM. The first 
byte (address 0100) contains the hexadecimal number B8; the next byte (address 
0101) contains the hexadecimal number 94; the final byte (address 0102) contains the 
hexadecimal number 27. 

So altogether, the machine-language version of MOV AX, 2794 occupies addresses 
0100, 0101, and 0102. That's why the next instruction (MOV BX, 8156) begins at 
address 0103. 

After the computer prints that analysis of your program, the computer will 
continue by printing an analysis of the next several bytes of memory also. 
Altogether, the computer will print an analysis of addresses up through 011F. What's 
in those addresses depends on which program your computer was running before 
you ran this one. 


Editing your program. To edit line 0103, type: 
-A103 


Then type the assembly-language command you want for location 103. 

When you finish the command and press the ENTER key, the computer will give 
you an opportunity to edit the next line (106). If you don't want to edit or create a 
line 106, press the ENTER key again. 

After editing your program, list it (by typing U100), to make sure you edited 
correctly. 

Arithmetic. This assembly-language program does arithmetic: 


MOV AX,7 
ADD AX,5 


To feed that program to the computer, say A100 after the hyphen, then type the 
program, then press the ENTER key an extra time, then say G=100 106. 

That program's top line moves the number 7 into the AX register. The next line 
adds 5 to the AX register, so the number in the AX register becomes twelve. In 
hexadecimal, twelve is written as C, so the computer will say: 


AX=000C 


The computer will also say what's in the other registers. 
The opposite of ADD is SUB, which means subtract. For example, if you say— 


SUB AX,3 


the computer will subtract 3 from the number in the AX register, so the number in 
the AX register becomes smaller. 
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To add 1 to the number in the AX register, you can say: 
ADD AX,1 
For a short cut, say this instead: 
INC AX 


That tells the computer to INCrement the AX register, by adding 1. 
To subtract 1 from the number in the AX register, you can say: 


SUB AX,1 
For a short cut, say this instead— 
DEC AX 


which means "DECrement the AX register". 

Half registers. A register's left half is called the high part. The register's right 
half is called the Jow part. 

For example, if the AX register contains 9273, the register's high part is 92, and 
the low part is 73. 

The AX register's high part is called "A high" or AH. The AX register's low part 
is called "A low" or AL. 

Suppose the AX register contains 9273 and you say: 


MOV AH,41 


The computer will make AX's high part be 41, so AX becomes 4173. 

Copying to memory. Let's program the computer to put the hexadecimal number 
02 into memory location 7000. 

This command a/most works: 


MoV [7000] ,52 


In that command, the brackets around the 7000 mean "memory location". That 
command says to move, into location 7000, the number 52. 

Unfortunately, if you type that command, the computer will gripe, because the 
computer can't handle two numbers simultaneously (7000 and 52). 

Instead, you split that complicated command into two simpler commands, each 
involving just one number. Instead of trying to move 52 directly into location 7000, 
first move 52 into a register (such as AL), then copy that register into location 7000, 
like this: 


MOV AL,52 
MoV [7000] ,AL 


After running that program, you can prove the 52 got into location 7000, by 
typing: 
-E7000 


That makes the computer examine location 7000. The computer will find 52 there and 
print: 


OE9F:7000 52. 


That means: segment 0E9F's 7000th location contains 52. 

If you change your mind and want it to contain 53 instead, type 53 after the 
period. 

Next, press the ENTER key, which makes the computer print a hyphen, so you 
can give your next DEBUG command. 


Wf 


w@ 
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Interrupt 21. Here's how to write an assembly-language program that prints the 
letter C on the screen. 
The ASCII code number for "C" is hexadecimal 43. Put 43 into the DL register: 


OE9F:0100 MOV DL,43 
The DOS code number for "screen output" is 2. Put 2 into the AH register: 


OE9F:0102 MOV AH,2 


To make the computer use the code numbers you put into the DL and AH 
registers, tell the computer to do DOS interrupt subroutine #21: 


OE9F:0104 INT 21 
So altogether, the program looks like this: 


OE9F:0100 MOV DL,43 
OE9F:0102 MOV AH,2 
OE9F:0104 INT 21 
OE9F:0106 


To make the computer do that program, say G=100 106. The computer will obey 
the program, so your screen will say: 


C 


After running the program, the computer will tell you what's in all the registers. 
You'll see that DL has become 43 (because of line 100), AH has become 02 (because of 
line 102), and AL has become 43 (because INT 21 automatically makes the computer 
copy DL to AL). Then the computer will print a hyphen, so you can give another 
DEBUG command. 

Instead of printing just C, let's make the computer print CCC. Here's how. Put 
the code numbers for "C" and "screen output" into the registers: 


OE9F:0100 MOV DL,43 
OE9F:0102 MOV AH,02 


Then tell DOS to use those code numbers, three times: 


OE9F:0104 INT 21 
OE9F:0106 INT 21 
OE9F:0108 INT 21 
OE9F:010A 


To run that program, say G=100 10A. The computer will print: 
CCC 
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Jumps. Here's how to make the computer print C repeatedly, so that the entire 
sereen gets filled with C's. 
Put the code numbers for "C" and "screen output" into the registers: 


O£E9F:0100 MOV DL,43 
OE9F:0102 MOV AH,02 


In line 104, tell DOS to use those code numbers: 
OE9F:0104 INT 21 
To create a loop, jump back to line 104: 
OE9F:0106 JMP 104 

Altogether, the program looks like this: 


OE9F:0100 MOV DL,43 
OE9F:0102 MOV AH,03 
OE9F:0104 INT 21 
OE9F:0106 JMP 104 
OE9F:0108 


To run that program, say G=100 108. The computer will print C repeatedly, so 
the whole screen gets filled with C's. To abort the program, tap the BREAK key 
while holding down the CONTROL key. 

Interrupt 20. I showed you this program, which makes the computer print the 
letter C: 


OE9F:0100 MOV DL,43 
OE9F:0102 MOV AH,2 
OE9F:0104 INT 21 
OE9F :0106 


If you run that program by saying G=100 106, the computer will print C and then tell 
you what's in all the registers. 

Instead of making the computer tell you what's in all the registers, let's make the 
computer say: 


Program terminated normally 
To do that, make the bottom line of your program say INT 20, like this: 


OE9F:0100 MOV DL,43 
OE9F:0102 MOV AH,2 
OE9F:0104 INT 21 
OE9F:0106 INT 20 
OE9F:0108 


The INT 20 makes the computer print "Program terminated normally" and then 
end, without printing a message about the registers. 

To run the program, just say G=100. You do not have to say G=100 108, since the 
INT 20 ends the program before the computer reaches 108 anyway. The program 
makes the computer print: 


c 
Program terminated normally 
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Strings. This program makes the computer print the string "I LOVE YOU": 


OE9F:0100 MOV DX,109 
OE9F:0103 MOV AH,9 

OE9F 20705 eINT #21 

OE9F-0707 INT 20 
OE9F:0109° DB “I LOVE” YOUS" 
OE9F:0114 


The bottom line contains the string to be printed: "I LOVE YOU$". Notice you 
must end the string with a dollar sign. In that line, the DB stands for Define Bytes. 

Here's how the program works. The top line puts the string's line number (109) 
into DX. The next line puts 9, which is the code number for "string printing", into 
AH. The next line (INT 21) makes the computer use the line number and code 
number to do the printing. The next line (INT 20) makes the program print "Program 
terminated normally" and end. 

When you run the program (by typing G=100), the computer will print: 


Ie LOVESY¥.0U 
Program terminated normally 


If you try to list the program by saying U100, the listing will look strange, 
because the computer can't list the DB line correctly. But even though the listing 
will look strange, the program will still run fine. 

Saving your program. After you've created an assembly-language program, you 
can copy it onto a disk and save it. Here's how. 

First, make sure the program ends by saying INT 20, so that the program 
terminates normally. 

Next, invent a name for the program. The name should end in .COM. For 
example, to give your program the name LOVER.COM, type this: 


-NLOVER.COM 


Put 0 into register BX (by typing -RBX and then :0). 

Put the program's length into register CX. For example, since the program above 
Starts at line 0100 and ends at line 0114 (which is blank), the program's length is 
"0114 minus 0100", which is 14; so put 14into register CX (by typing -RCX and then 
:14). 

Finally, say -W, which makes the computer write the program onto the disk. The 
computer will say: 


Writing 0014 bytes 
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QUITTING 
When you finish using DEBUG, tell the computer to quit, by typing a Q after the 
hyphen. When you press the ENTER key after the Q, the computer will quit using 
DEBUG and say: 


A> 


After quitting, you can give any DOS command you wish. If you used assembly 
language to create a program called LOVER.COM, you can run it by just typing: 


A>LOVER 
The computer will run the program and say: 
I LOVE YOU 


Then the computer will print "A>", so you can give another DOS command. 

Notice that the computer doesn't bother to print a message saying "Program 
terminated normally". (It prints that message only when you're in the middle of 
using DEBUG.) 

Now you know how to write assembly-language programs. Dive in! Write your own 
programs! 


Oo ot 
fee (CEQ «© 
OE mN 
(CCC 
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IN DISOLS THE CPL 


PROGRAM COUNTER 

Each CPU contains a special register called the program counter. The program counter | 

tells the CPU which line of your program to do next. For example, if the program 

counter contains the number 6 (written in binary), the CPU will do the line of 

your program that's stored in the 6th memory location. 

More precisely, here's what happens if the program counter contains the number 6: 

A. The CPU moves the content of the 6 memory location to the CPU's tnstructtion 
register. (That's called fetching the instruction.) 

B. The CPU checks whether the instruction register contains a complete instruction 
written in machine language. If not—if the instruction register contains only 
part of a machine-language instruction—the CPU fetches the content of the 7th 
memory location also. (The instruction register is large enough to hold the 
content of memory locations 6 and 7 simultaneously.) If the instruction 
register still doesn't contain a complete instruction, the CPU fetches the 
content of the 8th memory location also. If the instruction register still 
doesn't contain a complete instruction, the CPU fetches the content of the gth 
memory location also. 

C. The CPU changes the number in the program counter. For example, if the CPU 
has fetched from the 6th and 7¢ memory locations, it makes the number in the 
program counter be 8; if the CPU has fetched from the 6th, 7th, and sth memory 
locations, it makes the number in the program counter be 9. (That's called 
updating the program counter.) 

D. The CPU figures out what the instruction means. (That's called decoding the 
instruction. ) . 

E. The CPU obeys the instruction. (That's called executing the instruction.) If i@f 
a "GO TO" type of instruction, the CPU makes the program counter contain the 
address of the memory location you want to go to. 

After the=CPU* completes steps ‘ApeB, Cy, Divand) fee it Wooks. at the program countersang 

moves on to the next instruction. For example, if the program counter contains the 

number 9 now, the CPU does steps A, B, C, D, and E again, but by fetching, decoding, 
and executing the 9th memory location istead of the 6th. 

The CPU repeats steps A, B, C, D, and E again and again; each time, the number in 
the program counter changes. Those five steps form a loop, called the tnstruction 
eyéle. 


ARITHMETIC/LOGIC UNIT 
The CPU contains two parts: the control unit (which is the boss) and the 
artthmetic/logie unit (ALU). When the control unit comes to step D of the instruction 
cycle, and decides some arithmetic or logic needs to be done, it sends the problem to 
the ALU, which sends back the answer. 
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Here's what the ALU can do: 
NAME OF OPERATION EXAMPLE 
Bplus''; "added to's Watt 


_ EXPLANATION 
add, but remember that 1+1 is 10 in binary 


10001010 
+10001001 
answer:100010011 
: 10001010 subtract, but remember that 10-1 is 1 in 
-10001001 binary 
answer: 00000001 


Pinus", 'subtract't, 


"negative", "the two's -10001010 Jleft of the rightmost 1, replace each 0 by 
complement of'', ''-" answer: 01110110 Piand eachel® by..0 


"not", "the complement of", NOT 10001010 replace each 0 by 1, and each 1 by 0 
ethe one's comp..of!', ''~" answer: 01110101 


and’, Gu WAN 10001010 put a 1 wherever both original numbers 
AND 10001001 had 1 

answer: 10001000 

10001010 put a 1 wherever some original number 

OR 10001001 had 1 


answer: 10001011 


for, “inclusive or", "yi 


Senciusive.OR'UXORM sey 10001010 put a 1 wherever the original numbers 
May! XOR 10001001 differ 


answer: 00000011 
Also, the ALU can shift a register's bits. For example, suppose a register contains 
10111001. The ALU can shift the bits toward the right: 


before 10111001 


WNANN 

after ASS 

Pt can shift. the bits toward the left: 
before 10111001 


after ee dtee 


It can rota the bits toward the right: 
before GARRY 


after TTOL wy 
It can rotate the bits toward the left: 


before Wotses 


pecerss; 0 Meet 
It can shift the bits toward the right artthmetically: 
before 10111001 


YN 

after sD RNS 

It can shift the bits toward the left arithmetically: 
before Wye 


after i! ide 
Doubling a number is the same as shifting it left arithmetically. For example, 


pone Six (to get twelve) is the same as shifting six left arithmetically: 


weve SAREE 


Halving a number is the same as shifting it right arithmeticall For example, 
halving six (to get three) is the same as shifting six right See thet cally. 
Six 000Q0Q110 


cheoe ANN 


Halving negative six (to get negative three) is the same as shifting negative six 
right arithmetically: 
negative six 11111010 


NY 
negative three reser 
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the ALU, the control unit _can_ do operations such_as: 
A. Find the number in the 6 memory location, and move its negative to a register. 
B. Change the number in a register, by adding to it the number in the 6th memory 
location. 
Change the number in a register, by subtracting from it the number in the 
location. 
On most computers, each operation has one source and one destination. In operations | 
AB matic al paethensOUccGr. aa ine 6th memory location; the destination is the register. 
The control unit cannot do a command such as "add together the number in the 6th 
memory location and the number in the 7th memory location, and put the sum ina 
register", because that operation would require two sources. Instead, you must give 
two shorter commands: 
1. Move the number in the 6% memory location to the register. 
FLAGS 
The CPU contains a flag register, which comments on what the CPU is doing. Ina 
typical CPU, the flag register has six bits, named as follows: 
the Negative bit 
the Zero bit 
the Carry bit | 
the Overflow bit | 
the Priority bit 
the Privilege bit | 
When the CPU performs an operation (such as addition, subtraction, shifting, 
rotating, or moving), the operation has a source and a destination; the number that 
goes into the destination is the operation's result. If the result is a negative 
number, the CPU turns on the Negative bit; in other words, it makes the Negative bit 
be 1. (Conversely, if the result is a number that's not negative, the CPU makes the | 
Negative bit be 0.) If the result is zero, the CPU turns on the Zero bit; in other 
words, it makes the Zero bit be 1. 


When the ALU computes the result, it also computes _an extra bit, which becomes 
the Carry bit. For example, here's how the ALU adds 7 and -4: 


6th 


7s 00000111 
-4 is Tit TLOG 
binary addition gives 100000011 
result | 
Carry 


So the result is 3, and the Carry bit becomes 1. 

If the ALU can't compute a result correctly, it turns on the Overflow bit. For 
example, in elementary school you learned that 98+33 is 131; so in binary, ithe 
computation should look like this: 


128264 | 325 | GuS peetecee ! 
98 is the, eae as alee : 
33° 1S 1. Ure 0. ste fae aan 
the sum is 1 0 0 0 0) Obpiemeigewhecheice 
But here's what an 8-bit ALU will do: 
Sion 6452 16. 8). 4 
98 is Q. ]-) 0-0 ee 
35 1S OO 1 OU 2 Ome ae 
the: sum is 0. 1” 0. 0° 0-0 = Ogee 


Carry result 
Unfortunately, the result's leftmost 1 is in the position marked stgn, instead of 
the position marked 128; so the result looks like a negative number. To warn you 
that the result is incorrect, the ALU turns on the Overflow bit. If you're programming 
in a language such as BASIC, the interpreter or compiler keeps checking whether the 
Overflow bit is on; when it finds that the bit is on, it prints the word OVERFLOW. 
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While your program is running, it might be interrupted. Peripherals might 
interrupt, in order to input or output the data; the real-time clock might interrupt 
to prevent you from hogging too much time, and to give another program a chance to 
run; and the computer's sensors might interrupt, when they sense that the computer 
is malfunctioning. When something wants to interrupt your program, the CPU checks 
whether your program has priority, by checking the Priority bit. If the Priority 
bit is on, your program has priority and cannot be interrupted. 

On a computer that's handling several programs at the same time, some operations 
are dangerous: if your program makes the computer do those operations, the other 
programs might be destroyed. Dangerous operations are called privileged instructions; 
to use them, you must be a privileged user. 

When you walk up to a terminal attached to a large computer, and type HELLO or 
LOGIN, and type your user number, the operating system examines your user number 
to find out whether you are a privileged user. If you are, the operating system 
turns on the Privilege bit. When the CPU starts running your programs, it refuses 
to do privileged instructions unless the Privilege bit is on. 

Microcomputers omit the Privilege bit, and can't prevent you from giving dangerous 
commands. But since the typical microcomputer has only one terminal, the only person 
your dangerous command can hurt is yourself. 

Some computers have several levels of priority and privilege. If your priority 
level is "moderately high'', your program is immune from most interruptions, but 
not from all of them. If your privilege level is 'moderately high", you can order 
the CPU to do most of the privileged instructions, but not all of them. To allow 
those fine distinctions, large computers devote several bits to explaining the 
priority level, and several bits to explaining the privilege level. 

The bits in the flag register are called the flags. To emphasize that the flags 
comment on your program's status, people sometimes call them status flags. 

In the CPU, the program counter is next to the flag register. Instead of viewing 
them as separate registers, some programmers consider them to be parts of a single 
big register, called the program status word. 

You can give a command such as, 'Test the 3rd memory location". The CPU will 
examine the number in the 3°%¢ memory location; if that number is negative, the CPU 
will turn on the Negative bit; if that number is zero, the CPU will turn on the Zero 
Dit. 

You can give a command such as, ''Test the difference between the number in the 
3rd register and the number in the 4th The CPU will adjust the flags according 
to whether the difference is negative or zero or carries or overflows. 

You can use the flags, by giving a command such as, "If the Negative bit is on, 
go do the instruction in memory location 6". 


> 


SPEED 
Computers are fast. To describe computer speeds, programmers use these words: 
WORD ABBREVIATION MEANING x 
millisecond msec Ox” ms thousandth of a second; 10 3 seconds 
microsecond usec OA us millionth of a second; 10 © seconds 
nanosecond nsec OA ns billionth of a second; 10e" seconds 
picosecond psec 04% ps trillionth of a second; 10 42 seconds 


1000 picoseconds is a nanosecond; 1000 nanoseconds is a microsecond; 1000 microseconds 
is a millisecond; 1000 milliseconds. is a second. 
On page 192 I said the instruction cycle has five steps: 

Fetch the instruction. 

Fetch additional parts for the instruction. 

Update the program counter. 

Decode the instruction. 
. Execute the instruction. 
The total time to complete the instruction cycle is about a microsecond. The exact 
time depends on the quality of the CPU, the quality of the main memory, and the 
difficulty of the instruction, but usually lies between .1 microseconds and 10 
microseconds. 


Ene Gy Cer 
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Here are several ways to make the computer act more quickly: 
METHOD MEANING | 
multiprocessing The main frame holds more than one CPU. A1l1 the CPUs work 

simultaneously. They share the same main memory. The 
operating system decides which CPU works on which program. | 
he collection of CPUs is called a multtprocessor. i 
instruction lookahead While the CPU is fintshtng an instruction cycle (by doing |~ 
steps D and E), tt stmultaneously begins working on the 
next tnstructton cycle (steps A and B). | 
array processing The CPU holds at least 16 ALUs. All the ALUs work r 
simultaneously. For example, when the control unit wants 
to solve 16 multiplication problems, it sends each problem|g 
a separate ALU; the ALUs compute the products simultaneous |, 
The collection of ALUs is called an array processor. 
parallel functional units The ALU ts divided into several funetional untts: an 
addition unit, a multiplication unit, a division unit, a | 
shift unit, etc. All the units work simultaneously; while! 
one unit is working on one problem, another unit is workin) 
on _ another. | 
pipeline architecture The ALU (or each ALU functional unit) conststs of a | 
"first stage" and a "second stage". When the control unit 
sends a problem to the ALU, the problem enters the first 
stage, then leaves the first stage and enters the second s’ge 
But while the problem is going through the second stage, a 
new problem starts going through the first stage. Such an 


ALU is called a ptpeline processor. ie 


PARITY 
Most large computers put an extra bit at the end of each memory location. For exampl) 
a memory location in the PDP-10 holds 36 bits, but the PDP-10 puts an extra bit at th 
end, making 37 bits altogether. The extra bit is called the parity bit. If the numb) 
of ones in the memory location is even, the CPU turns the parity bit on; if the 
number of ones in the memory location is odd, the CPU turns the parity bit off. For | 
example, if the memory location contains these 36 bits— 
000000000100010000000110000000000000 
there are 4 ones, so the number of ones is even, so the CPU turns the parity bit onm@ | 
clchaibehniasidrkarag ak 2h NG | 


content parity 
If the memory location contains these 36 bits instead— 
000000000100010000000100000000000000 
there are 3 ones, so the number of ones is odd, so the CPU turns the parity bit off: 


ee 
content parity 


Whenever the CPU puts data into the main memory, it also puts in the parity bit. 
Whenever the CPU grabs data from the main memory, it checks whether the parity bit 
still matches the content. If the parity bit doesn't match, the CPU knows there was | 
an error, and tries once again to grab the content and the parity bit. If the parity, 
bit disagrees with the content again, the CPU decides that the memory is broken, 
refuses to run your program, prints a message saying PARITY ERROR, and then sweeps 
through the whole memory, checking the parity bit of every location; if the CPU 
finds another parity error (in your program or anyone else's), the CPU shuts off the | 
whole computer. | 
Cheap microcomputers (such as the Apple 2c and Commodore 64) lack parity bits, 
but the IBM PC has them. | 
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UAL 
Universal Assembly Language (UAL) is a notation I invented that makes programming 
in assembly language easier. 
UAL uses these symbols: 
SYMBOL MEANING 


MO the number in the Off memory location 
M1 the number in the 1St memory location 
M2 the number in the 274 memory location 
etc 

RO the number in the oth register 

R1 the number in the 1St register 

R2 the number in the 2™° register 

etc 


P the number in the program counter 


N the Negative bit 


i the Zero bit 
C the Carry, bit 
V the oVerflow bit 


PRIORITY the PRIORITY bits 
PRIVILEGE the’ PRIVILEGE bits 


F the content of the entire Flag register 
F[5] the 5°" bit in the Flag register 
R2[5] the 5th bit in R2 


R2[LEFT] the left half of R2; in other words, the left half of the data in the 2nd reg. 

R2[RIGHT] the right half of R2 

MS M6 a long number, whose left half is in the 5th memory location, and whose 
right half is in the 6th memory location 


Here are UAL statements: 


STATEMENT MEANING 

R2=7 Let R2 be 7. In other words, let the number in the 2™¢ register 
be 7. In other words;:move 7 into the gnd register. 

R2=M5 Let R2 be M5. In other words, let the number in the 2nd register 


be the number in the 5th memory location. In other words, 
move the 5th memory location's contents into the 2nd Pe paster. 


R2= =M5 Exchange R2 with MS. In other words, put the sth memory 
location's content into the 2nd register, and vice versa. 

R2=R2+M5 Let R2 be R2 plus M5. In other words, change the integer in the 
and register, by adding to it the integer in the 5th memory 
location. 

R2=R2-M5 Subtract integers. 

R2=R2*M5 Multiply integers. 

R2 REM R3=R2/M5 Change the integer R2, by dividing into it the integer M5; and 
put the division's remainder into the 3rd register. 

R2=-M5 Let R2 be the negative of MS. 

R2=NOT MS Let R2 be the one's complement of MS. 

R2=R2 AND MS Change R2, by performing the AND operation. 

R2=R2 OR MS Change R2, by performing the OR operation. 


R2=R2 XOR M5 Change R2, by performing the XOR operation. 
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SHIFTLeR2 Shift Pleft: | 

SHIFTR R2 Shift right. 

SHIFTRA R2 Shift right arithmetically. 

SHIFTR3 R2 Shift right P-ostames. 

SHIFTR(R7) R2 Shifterignt, R7etimes. 

ROTATEL R2 Rotate left. 

ROTATER R2 Rotate right. | 

TEST RZ Test R2. In other words, examine the number in the 2nd registe: 
and adjust the Negative and Zero bits. | 

TEST R2-R4 ' Test R2-R4. In other words, examine the difference between R2 
and R4, and adjust the flag register. 

CONTINUE No operation; just continue on to the next instruction. | 

WAIT Wait until an interrupt occurs. 

IF R2<0, P=7 If R2<0, let P=7. In other words, if the number in the 2nd 


= 


register is negative, move 7 into the program counter. 
IF R2<0, M5=3, P=7 If R2<0, do both of the following: let» M5 be 3, and P be 7. 
MS can be written as M(5) or M(2+3). It can be written as M(R7), if R7 1s 5— dig 
other words, if register 7 contains 5. | 


ADDRESSING MODES 
Suppose you want the 5th register to contain the number 6. You can accomplish that 
goal in one step, like this® 


R5=6 

Or you can accomplish it in two steps, like this: 

M7=6 

R5=M7 | 
Or you can accomplish it in three steps riike tins: H 
M7=6 

M3=7 

RS=M (M3) 

Or you can accomplish it in an even weirder way: 

M7=6 

R2=4 

R5=M(3+R2) 

Each of those methods has a name. The first method (R5=6), which is the simplest, 
is called immediate addtessing. The second method (R5=M7), which contains the letter 
M, is called dinect addressing. The third method (R5=M(M3)), which contains the 
letter M twice, is called indirect addressing. The fourth method (R5=M(3+R2)), 
which contains the letter M and a plus sign, is called indexed addressing. | 

In each method, the 5 register is the destination. In the last three methods, 


the 7*. memory location is the source. In the fourth method, which involves R2, the) 

2nd yegister is called the index negister, and R2 itself is called the index. | 
Each of those methods is called an addressing mode. So you've seen four addressing) 

modes: immediate, direct, indirect, and indexed. | 
To handle the program counter, the computer uses other addressing modes instead. | 

For example, suppose P (the number in the program counter) is 2073, and you want to | 

change it to 2077. You can accomplish that goal simply, like this: 

P=2077 | 

Or you can accomplish it in a weirder way, like this: 

P=P+4 

Or you can accomplish it in an even weirder way, like this: 

R3=20 

P=R3 77 

‘The first method (P=2077), which is the simplest, is called absolute addressing. The 

second method (P=P+4), which involves addition, is called selative addressing; the 

is the 0444et. The third method (P=R3 77) is called base-page addressing; R3 (which! 

20) is called the page number; and so the 3%¢ register is called the page register. — 
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HOW INTEL MICROPROCESSORS AROSE 

The first microprocessor (CPU on a chip) was invented by Intel in 1971 and called 
the /nte/ 4004. Its accumulator was so short that it held just 4 bits! Later that year, 
Intel invented an improvement called the /ntel 8008, whose accumulator held 8 bits. 
In 1973 Intel invented a further improvement, called the /nte!l 8080, which 
understood more op codes, contained more registers, handled more RAM (64K 
instead of 16K), and ran faster. Drunk on the glories of that 8080, Microsoft adopted 
the phone number VAT- 8080, and the Boston Computer Society adopted the soberer 
phone number DOS - 8080. 

In 1978 Intel invented a further improvement, called the 8086, which had a 16-bit 
accumulator and handled even more RAM & ROM (totalling 1 megabyte). Out of the 
8086 came 16 wires (called the data bus), which transmitted 16 bits simultaneously 
from the accumulator to other computerized devices, such as RAM and disks. Since 
the 8086 had a 16-bit accumulator and 16-bit data bus, Intel called it a 16-bit CPU. 

But computerists complained that the 8086 was impractical, since nobody had 
developed RAM, disks, or other devices for the 16-bit data bus yet. Soin 1979 Intel 
invented the 8088, which understands the same machine language as the 8086 but has 
an 8-bit data bus. To transmit 16-bit data through the 8-bit bus, the 8088 sends 8 of 
the bits first, then sends the other 8 bits shortly afterwards. That technique of 
using a few wires (8) to imitate many (16) is called multiplexing. 

When 16-bit data buses later became popular, Intel invented a slightly souped-up 
8086, called the 80286 (nicknamed the '286). Then Intel invented a 32-bit version 
called the 80386 (nicknamed '386). 

IBM offers these choices: 


Intel microprocessor |BM computers that use it 


8088 PC and XT 

8086 PS/2 models 25 and 30 

'286 XT/286, AT, and PS/2 models 50 and 60 
'386 PS /2 model 80 


The OS/2 operating system requires a '286 or '386. 
Here's how to use the 8088 and 8086. (The '286 and '386 include the same features 
plus more.) 


REGISTERS 
The CPU contains fourteen 16-bit registers: the accumulator (AX), base register 
(BX), count register (CX), data register (DX), stack pointer (which UAL calls S 
but Intel calls SP), base pointer (BP), source index (SI), destination index (D!), 
program counter (which UAL calls P but Intel calls the instruction pointer or IP), 
flag register (which UAL calls F), code segment (CS), data segment (DS), stack 
segment (SS), and extra segment (ES). 

In each of those registers, the sixteen bits are numbered from right to left, so 
the rightmost bit is called bit 0 and the leftmost bit is called bit fifteen. 

The AX register's low-numbered half (bits 0 through 7) is called A Jow (or AL). 
The AX register's high half (bits 8 through fifteen) is called A high (AH). 

In the flag register, bit 0 is the carry flag (which UAL calls C), bit 2 is for 
parity, bit 6 is the zero flag (Z), bit 7 is the negative flag (which UAL calls N but 
Intel calls sign or S), bit eleven is the overflow flag (V), bits 4, 8, 9, and ten are 
Special (auxiliary carry, trap, interrupts, and direction), and the remaining bits 
are unused, 


MEMORY LOCATIONS 
Each memory location contains a byte. In UAL, the 6th memory location is called M6 
or M(6). The pair of bytes M7 M6 is called memory word 6, which UAL writes as 
MW(6). 
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INSTRUCTION SET 
Here's the set of instructions that the 8088 understands. For each instruction, I've 
given the assembly-language mnemonic and its translation to UAL, where all numbers 
are hexadecimal. 

The first line says that INC (which stands for INCrement) is the assembly- 
language mnemonic that means x=x+1. For example, INC AL means AL=AL+1. 

The eighth line says that IMUL (which stands for Integer Multiply) is the 
assembly-language mnemonic that means x=x*y. For example, IMUL AX,BX means 
AX=AX*BX. 

In most equations, you can replace the x and y by registers, half-registers, 
memory locations, numbers, or more exotic entities. To find out what you can replace 
x and y by, experiment! 

For more details, read the manuals from Intel and Microsoft. They also explain 
how to modify an instruction's behavior by using flags, segment registers, other 
registers, and three prefixes: REPeat, SEGment, and LOCK. 


ULtiply x=xxy UNSIGNED 
nteger MULtip1l X=xx 


DI Vide AX=AX/x UNSIGNED 
nteger DIVide AX=AX/x 

X=—-x 
Decimal Adjust Add IF AL[RIGHT]>9, AL=AL+6; IF AL[LEFT]>9, AL=AL+60 
Decimal Adjust Sub IF AL[RIGHT]>9, AL=AL-6; IF AL[LEFT]>9, AL=AL-60 
Ascii Adjust Add IF AL[RIGHT]>9, AL=AL+6, AH=AH+1; AL[ LEFT] =0 
Ascii Adjust Sub IF AL[RIGHT]>9, AL=AL-6, AH=AH-1; AL[ LEFT] =0 
Ascii Adjust Mul AH REM AL=AL/0A 
Ascii Adjust Div AL=AL+(OA*AH) ; AH=0 


SHIETL yauix 
SHift Right SHIFTRCy) x 
Shift Arith Right | SHIFTRACy) x 

ROtate Left ROTATELCy) x 

ROtate Right ROTATER(y) x 

Rotate Carry Left ROTATELCy) C x 

Rotate Carry Right ROTATER(y) C x 

Lear Carry c=0 

Lear Direction DIRECTION=0 

Lear Interrupts _INTERRUPTS=0 

SeT Carry C=1 

SeT Direction DIRECTION=1 

SeT Interrupts INTERRUPTS=1 

EST TEST x AND y 

oMPare Sey Pe 

SCAn String Byte TEST AL-M(DI); DI=DI+1-(2*DIRECTION) 
SCAn String Word TEST AX-MW(DI); DI=DI+2—(4*DIRECTION) 
oMPare Str Byte TEST M(SI)-M(DI); SI=SI+1-(2*DIRECTION); DI=DI+1-(2*DIRECTION) 
oMPare Str Word TEST MW(SI)-MW(DI); SI=SI+2-(4*DIRECTION) ; DI=DI+2-(4*DIRECTION) 
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MOVING BYTES 


oad AH from F AH=F[ RIGHT] 


): 
AL=M(SI); SI=SI+1-(2*DIRECTION) 
AX=MW(SI); SI=SI+2-(4*DIRECTION) 
MCDI)=AL; DI=DI+1-(2*DIRECTION) 
=AX; DI=DI+2-(4*DIRECTION) 
M(DI)=M(SI); DI=DI+1-(2*DIRECTION); SI=SI+1-(2*DIRECTION) 
, DI=DI+2-(4*DIRECTION); SI=SI+2-(4*DIRECTION) 


onvert Byte to Word AH=-AL[ 7] 
onvert Wd to Double DX=-AX[ OF 
S=S-2; MW(S) =x 
S=S-2; MW(S)=F 
POP x=MW(S); S=S+2 
POP 'F F=MW(S); S=S+2 
N x=PORT Cy) 
DUT PORT (x) =y 


SCape BUS=x 
eX CHanGe X= =y 
XKLATe AL=M (BX+AL) 


oad Effective Addr _ x=ADDRESS (Cy) 


ump if Below or Eq IF C=1 0 
Jump if Above IF C=0 AND 


IF N<>V, P=x 
IF N=V AND Z=0, 
IF N<>V OR Z=1 


CX=CX-1; IF CX<>0, P=x 

CX=CX-1; IF CX<>0 AND Z=1, 

CX=CX-1; 

S=S-2; MW(S)=P; P=x 

P=MW(S); S=S+2 

S=S-6; MW(S)=P; MW(S+2)=CS; MW(S+4)=F; 
P=MW(4*x); CS=MW(4xx+2)7 INTERRUPTS=0; TRAP=0 

NTerrupt if OverflowIF V=1, S=S-6, MW(S)=P, MW(S+2)=CS, MW(S+4)=F, 
P=MW(10), CS=MW(12), INTERRUPTS=0, TRAP=0 
>; CS=MW(S+2); F=MW(S+4); S=S+6 

CONTINUE 

WAIT 

WAIT FOR COPROCESSOR 
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OPERATING SYSTEMS 


SCHEDULING THE CPU 
Suppose your company buys a multi-million-dollar maxicomputer. How can the 
employees all share it? The answer depends on what kind of operating system you 
buy for it. 

Why batch-processing was invented. Back in the 1950's, the only kind of 
operating system you could buy was single-user: it handled just one person at a 
time. If two people wanted to use the computer, the second person had to stand in 
line behind the first person, until the first person finished. 

The first improvement over single-user operating systems was batch processing. 
In a batch-processing system, the second person didn't have to stand in line to use 
the computer. Instead, he fed his program onto the computer's disk (or other kind 
of memory) and walked away. The computer ran it automatically, as soon as the first 
person's program finished. 

That procedure was called batch processing because the computer could store a 
whole batch of programs on the disk and run them in order. 

Why multiprogramming was invented. When you run a program, the CPU must 
often wait for other parts of the computer system to catch up. For example, if a line 
in your program tells the printer to print something, the CPU must wait for the 
printer to finish. When the printer finishes, the CPU can progress to the next line in 
your program. 

While the CPU is waiting for the printer (or some other slow device), why not let 
the CPU temporarily work on the next guy's program? That's called 
multiprogramming, because the CPU switches its attention among several programs. 

In a simple multiprogramming system, the CPU follows this strategy: it begins 
working on the first guy's program; but when that program makes the CPU wait for a 
slow device, the CPU starts working on the second program. When the second 
program makes the CPU wait also, the CPU switches its attention to the third 
program, etc. But the first program always has top priority: as soon as that first 
program can continue (because the printer finished), the CPU resumes work on that 
program and puts all other programs on hold. 

Why round-robin time-slicing was invented. Suppose one guy's program requires 
an hour of computer time, and another guy's program requires just one minute. If 
the guy with hour-long program is kind, he'll let the other guy go first. But if he's 
mean and shoves his way to the computer first, the other guy will have to wait over 
an hour to run the one-minute program. 

An improved operating system can "psyche out" the situation and give attention 
to the second guy, without waiting for the first guy to finish. Here's how the 
operating system works... . 

A jiffy is a sixtieth of a second. During the first jiffy, the CPU works on the first 
guy's program. During the next jiffy, the CPU works on the second guy's program. 
During the third jiffy, the CPU works on any third guy's program, and so on, until 
each program has received a jiffy. Then, like a card dealer, the CPU "deals" a 
second jiffy to each program. Then it deals a third jiffy, etc. If one of the programs 
requires very little CPU time, it will finish after being dealt just a few jiffies and 
"drop out" of the game, without having to wait for all the other players to finish. 

In that scheme, each jiffy is called a time slice. Since the computer deals time 
slices as if it were dealing to a circle of card players, the technique's called 
round-robin time-slicing. 

To make that technique practical, the computer must be attached to many 
terminals, so that each guy has his own terminal. The CPU goes round and round, 
switching its attention from terminal to terminal every jiffy. 

If you sit down at a terminal now, a few jiffies later the CPU gets to your 
terminal, gives you its full attention for a jiffy, then ignores you for several jiffies 
while it handles the other users, then comes back to you again. Since jiffies are so 
quick, you don't notice that the CPU ignores you for several jiffies. 
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That technique's an example of timesharing, which is defined as "an operating 
system creating the ///usion that the CPU gives you its full attention continuously". 

In that system, you might not get a full jiffy on your turn. For example, if your 
program needs to use the printer, the CPU sends some data out to the printer but 
then immediately moves on to the next person, without waiting for the printer to 
catch up. When the CPU has given all the other people their jiffies and returns to 
you again, the CPU checks whether the printer has finished the job yet. 

Fewer switches. When the CPU is working on a particular guy, the state of that 
guy's program is stored in the CPU registers and RAM. When that guy's jiffy ends, 
the CPU typically copies that guy's state onto the disk, then copies the next guy's 
state from disk to the CPU registers and RAM. So every time the CPU switches from 
one guy to the next, the CPU must typically do lots of disk I/O (unless the CPU's 
RAM is large enough to hold both guy's programs simultaneously). 

Such disk I/O is "bureaucratic overhead". It consumes lots of time. The only way 
to reduce that overhead is to switch guys less often. 

Let's develop a way to make the CPU switch guys less often but still switch fast 
enough to maintain each guy's illusion of getting continuous attention. 

Suppose a guy's a "CPU hog": he's running a program that won't finish for 
several hours. Instead of giving that person many short time slices, the CPU could 
act more efficiently by totally ignoring him for several hours (which will make 
everybody else in the computer room quite happy! ) and then give him a solid block of 
time toward the end of those hours. He'll never know the difference: his job will 
finish at the same time as it would otherwise. And the CPU will waste less time in 
bureaucratic overhead, since it won't have to switch attention to and from him so 
often. 

To determine who's the hog, the CPU counts how many jiffies and how much RAM 
each guy's been using. If a guy's count is high, he's been acting hoggish, and he'll 
probably continue to be a hog, so the CPU ignores him until later, when he's given a 
Solid block of time. If that block is too long, all the other guys will be ignored too 
long and think the CPU broke; so that solid block should be just a few seconds. If he 
doesn't finish within a few seconds, give him another block later. 

The Decsystem- 20 and other top-notch timesharing systems use that strategy. 

Distributed processing. The whole point of that discussion was to show how to 
make many people share a single CPU efficiently. But since the CPU chip inside an 
IBM PC microcomputer costs just $7, why bother sharing it? Why not simply give 
each guy his own CPU? 

So today many companies are getting rid of maxicomputers that have fancy 
timesharing operating systems and are replacing them by a collection of 
microcomputers, each of which handles just one person at a time. 

That's called distributed processing: tying together many little CPU's, instead of 
forcing everybody to share one big CPU. 


SCHEDULING THE MEMORY 
Suppose you want to run a program that's too big to fit in the RAM. What should you 
do? The obvious answer: chop the program into little pieces, and run one piece at a 
time. 

Virtual memory. If you buy a computer that has virtual memory, the operating 
System automatically chops your program into little pieces, puts as many pieces as 
possible into the RAM, and run them. The remaining pieces are put onto a disk 
instead. When the CPU finishes processing the pieces in the RAM and needs to get to 
the pieces on the disk, the operating system automatically fetches those pieces from 
the disk and copies them into the RAM—after copying the no-longer-needed pieces 
from the RAM to the disk. 

Each piece of the program is called a page. On most computers, each page is 4K. 
Copying a page from the disk to the RAM (or vice versa) is called paging or 


Swapping. 
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Multi-user RAM. If many people try to share the RAM, the operating system tries 
to fit all their programs into the RAM simultaneously. If they won't all fit, the 
operating system temporarily puts some of their programs onto disk, until the other 
programs are done (or have used up a time-slice). 

If a huge number of users try to share a tiny RAM, the operating system will 
spend most of its time shuttling their programs from disk to RAM and back to disk. 
That bad situation—in which the operating system spends more time copying 
programs than running them—is called thrashing, because the operating system is 
as helpless as a fish out of water. If the operating system is large and thrashing, it's 
called a beached whale. The only solution is to buy more RAM or tell some of the 
users to go home! 


SCHEDULING THE I/O 
After the CPU sends a command to a slow device (such as a printer or terminal), the 
CPU must wait for the device to obey. While the CPU waits, it ought to do something 
useful—such as processing somebody else's program, or processing a different part 
of the same program. 

Buffers. Here's how the CPU handles the problem of waiting. When the CPU 
wants to send a list of commands to a slow device, it puts that list of commands into a 
buffer, which is a special part of the RAM. The device peeks at the commands in the 
buffer. While the device reads and obeys those commands, the CPU switches 
attention to other programs or tasks. 

The buffer's in RAM. But which RAM? In a traditional computer system, the 
buffer's in the main RAM. In a more modern system, each I/O device contains an 
auxiliary RAM, just big enough to hold the device's buffer. 

Buffers are used not just for printers and terminals but also for disk drives and 
tape drives. Each slow device needs its own buffer. 

Spooling. Suppose you're sharing a maxicomputer with several other users, and 
your program says to write answers on the printer, but somebody else has been 
using the printer and hasn't finished yet. 

In that situation, the CPU pretends to obey your command: it pretends to write 
your answers on the printer. But actually, it writes your answers on a disk instead. 
The CPU keeps watching the printer: as soon as the other person finishes using the 
printer, the CPU automatically copies your answers from the disk to the printer and 
erases them from the disk. 

That technique of putting your answers temporarily on disk is called spooling; 
it's handled by a part of the operating system called the spooler. Spooling is used 
mainly for the printer but can also be used for other output devices, such as the 
plotter. The word "spool" is an abbreviation for "simultaneous processing of on-line" 
devices; spooling handles people who all try simultaneously to use the printer and 
other on-line devices. 

If several people all try to use the printer simultaneously, the spooler stores all 
their answers on disk temporarily and then prints those answers one a time. The 
answers that are waiting on the disk are called the printer's waiting-line or the 
printer's queue or (even more briefly) the print queue. If the printer is slow and 
many people try to use it simultaneously, the print queue can get quite long. 
Suppose you want to use the printer, but somebody else is in the middle of using 
it to print paychecks. If your operating system lacks a spooler, it says "please wait 
until the other person is done" or else makes a mess—by printing your answers in 
the middle of the other person's paycheck! Moral: get a spooler! 


Ape 
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PERSONALITY 
The operating system can make the computer act as a conversationalist, a drudge, or 
a boss. 

Conversationalist. A "conversationalist" is a computer you can chat with, by 
using a keyboard and screen. The conversation might be about a game you're 
playing against the computer, a reservation for an airplane flight, or your 
personality (if the computer is trying to play therapist). Throughout the 
conversation, what you say to the computer is brief, and so are the computer's 
replies. Typically, you're asking the computer for more output, or the computer's 
asking you for more input. 

Instead of calling such a computer a "conversationalist", computer ads call it an 
interactive computer. If it handles many programs simultaneously, with each 
program on a different terminal, it's called a timesharing computer. If its memory 
contains lots of data and it answers questions about the data, it's called a 
data-retrieval system or customer-inquiry system or commercial real-time system. 

Drudge. A "drudge" is a computer that takes in piles of data and spits out piles 
of answers. Traditionally, the data is on cards, and the answers are on line- printer 
paper. While the computer works, it doesn't ask you any questions; you never need 
to speak with it. It just does its job faithfully, blue-collar style. 

If the drudge lets you start feeding in a second program before the first program 
has finished, it's a batch processor. If the batch processor starts working on the 
second program before the first program has finished, so that it's working on both 
programs simultaneously, it's called a multiprogramming batch processor. . 

Boss. A "boss" is a computer that monitors another machine. The "other machine" 
might be part of a factory's assembly line, a microwave oven, a burglar-alarm 
system, a series of traffic lights, the sound system for an electronic organ, or a 
life-support system that periodically gives intravenous injections to an unconscious 
patient. The computer makes sure everything's running smoothly. Typically, you 
don't even know the computer's there: it hides inside the machine it monitors. 

Instead of calling such a computer a "boss", computer ads call it a controller or a 
scientific real-time system. 
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OPERATING SYSTEMS FOR IBM MAINFRAMES 
For the IBM 360 mainframe ("maxicomputer"), IBM invented an Operating System 
called OS. IBM also invented a stripped-down version, called Basic OS (BOS). If 
your computer had too little memory for OS, you'd use BOS instead. 

IBM also invented two intermediate versions, smaller than OS but larger than 
BOS. Those intermediate versions were called the Tape OS (TOS) and the Disk OS 
(DOS). 

BOS and TOS are obsolete, but OS and DOS are still used. If your computer has 
lots of memory, it can use OS; otherwise, it must use DOS. 

To begin using an IBM mainframe, you must give commands that the operating 
system understands. The commands it understands are called the Job Control 
Language (JCL). So before using an IBM mainframe, you must read a book that 
explains JCL. There are two versions of JCL: the plain kind is for DOS, the fancy 
kind is for OS. 

Your first JCL command tells the computer your name, account number, and 
password, so the computer can determine whether you're an authorized user. Later, 
you must give a JCL command that tells the computer which language you want to 
use: BASIC, FORTRAN, COBOL, or a language that's weirder. 

The original version of DOS was called simply "DOS". Later, IBM invented a 
better version of DOS, called DOS with Virtual Storage (DOS/VS). To use DOS/VS, 
you had to buy IBM's newer computer, the IBM 370. 

The original version of OS was called OS with Multiprogramming a Fixed number 
of Tasks (OS/MFT). Then IBM invented a fancier version, called OS with 
Multiprogramming a Variable number of Tasks (OS/MVT). Those versions of OS work 
on the IBM 360. For IBM's newer computer—the IBM 370—IBM invented OS/VS1, 
then an even fancier version, called OS/VS2. 

For flexibility, get the Virtual Machine operating system (VM), which is an 
operating system that lets you invent your own operating system and lets you run 
five different operating systems simultaneously! If you use VM, you'll probably make 
one of your five operating systems be OS/VS1 (or OS/VS2) and make another one be 
the Cambridge conversational Monitor System (CMS). 


DEC OPERATING SYSTEMS 
DEC's largest computer is called the PDP-20 or Decsystem- 20. Its operating system 
is called The OPerating System 20 (TOPS-20). DEC's previous large computer was 
called the PDP-10 or Decsystem-10; its operating system was called TOPS-10. The 
commands that the operating system understands are called monitor commands. So if 
your computer is a PDP-20 or PDP-10, you must learn DEC's monitor commands 
(instead of learning IBM's JCL). 

DEC also makes a little minicomputer, called the PDP-11, which can handle 
several operating systems. Its most popular operating system is called the 
Resource-Sharing Timesharing System Extended (RSTS/E), which can handle many 
terminals and is intended for programming in BASIC-PLUS or BASIC-PLUS-2. If 
your PDP-11 is too small to handle RSTS/E, get DEC's smaller operating system, 
called Real-Time 11 (RT-11):; it handles fewer terminals and is intended for 
FORTRAN or a stripped-down version of BASIC called BASIC-11. If your PDP-11lis 
large and you want it to handle a large program in COBOL (instead of many small 
programs in BASIC), get the Resource Sharing eXtended 11 operating system 
(RSX-11) or a souped-up version called the Interactive Application System (IAS). If 
you're programming in a weird language called MUMPS, get the Data System Manager 
11 (DSM-11) instead. 

Today, DEC's newest and most popular computer is a very fancy minicomputer 
(fancier than the PDP-11). It's called the Virtual Address eXtended 11 (VAX-11). 
Its operating system is called the VAX Virtual Memory System (VAX/VMS). To givea 


Sate to VAX/VMS, you use Digital Command Language (DCL) instead of IBM's 
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UNIX 
From 1964 to 1969 at MIT, researchers invented a timesharing operating system 
called the MULTiplexed Information and Computing System (MULTICS). It ran on a 
maxicomputer built by General Electric and Honeywell. The researchers also had 
help from Bell Labs. 

At Bell Labs, Ken Thompson wrote a program called Space Travel and tried to run 
it on the MULTICS system, but discovered it was too expensive. He decided to move 
the program to a PDP-7 minicomputer, which was cheaper. But since the PDP-7 was a 
new computer that didn't have a decent operating system yet, he had to create his 
own. The operating system he created looked like MULTICS but was single-user, so 
he called it Unix. He created it by using a computer language called B, which he 
invented. 

In 1971, he transferred B and Unix to the PDP-11 computer, which was newer and 
nicer. In 1972, Dennis Ritchie invented an improvement of B and called it C. In 1973, 
an improved Unix was created by using C. Later, C was transferred to many other 
computers, and so was Unix. In the late 1970's, Bell Labs developed versions of Unix 
that were multi-user instead of single-user. 

All those versions of Unix ran on minicomputers. The first version of Unix fora 
microcomputer was developed by Onyx Systems in 1980. 

Today, Unix is the most popular multi-user operating system for microcomputers. 
Strictly speaking, the name "Unix" applies only if you buy the operating system 
directly from AT&T. If you buy through a third party, the operating system comes 
with a different name. For example, Microsoft's variant of Unix is called Xenix. 

Other operating systems borrowed concepts and commands from Unix. For 
example, MS-DOS borrowed the Unix "sort" command, the Unix concept of 
subdirectories, and the three Unix subdirectory commands: "mkdir" to make a 
subdirectory, "cd" to change to a different subdirectory, and "rmdir" to remove a 
subdirectory. (MS-DOS permits short cuts: it lets you abbreviate "mkdir" as "md" 
and abbreviate "rmdir" as "rd".) 

Although Unix is the most popular multi-user system for microcomputers, most 
companies having microcomputers buy single-user systems instead. Each single-user 
system uses MS-DOS (or PC-DOS), and the systems are attached to each other by 
cables, to form a network. Companies like MS-DOS networks better than Unix, 
because MS-DOS consumes less RAM than Unix and is also easier to learn. 
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TWIN PROBLEMS THAT CONFUSE THE COMPUTER 
Look at this pair of problems: 


Problem 1. Solve x?*-4x+4=0. 
Problem 2. Solve x*-4x+3.9999999=0. 


Those two problems resemble each other. The only difference is that where the second 
problem says 3. 9999999, the first problem says 4. But the correct solutions to the prob] 


f 
are quite different from each other: 


— I= ——  . 


The correct solution to problem 1 is "x = 2", 
The correct solution to problem 2 is "x = 1. 9996838 or x = 2.0003162". 


Unfortunately, problem 1 looks so similar to problem 2 that the computer can hardly | 
tell the difference. On some computers, 3.9999999 is treated as if it were 4. If you ask 


such a computer to solve problem 2, it will solve problem 1 instead, and its answer to | 


problem 2 will therefore be wrong. 
Here's another pair of problems: 


Problem 3. Solve the equation (x-1)*(x-2)*(x-3)*(x-4)*...*(x-20)=0. 
1 
Problem 4. Solve the equation (x-1)*(x-2) *(x-3) *(x-4)*... *(x-20)-573- x P=0. 


Those two problems resemble each other. In fact, if you "expand the polynomial", you'll | 
see that problem 3 can be rewritten like this: 


x 7210x194. ..=0. 
Problem 4 can be rewritten like this: 


x7 (210+ are) x 19H, ..=0. 


So the only difference between problem 3 and problem 4 is that problem 4 says 210+ ay 


O 
fk 
Lu 
= 
O 
O 
aa 
Lu 
= 


instead of 210. Because oe is such a small fraction, some computers can't tell the 
difference between 210 and 210+ arr and therefore can't distinguish problem 4 from 


problem 3, and therefore say the same answer to problem 4 as to problem 3. But the 
correct solutions to the two problems are different: 


The correct solution to problem 3 is "x=1 or x=2 or x=3 or x=4 or... or x=20". 

The correct solution to problem 4 is "x=1.000 or x=2.000 or x=3.000 or x=4.000 or 
x=9.000 or x=6.000 or x=7.000 or x=8.007 or x=8.917 or x=10. 095+.644i or x=11.794+1. 652) 
or x=13. 99241.5191 or x=16. 73142. 813i or x=19.502+1. 940i or x=20.847". (i denotes v-1.) 


Here's another case of "confusing twin problems". Let M be the matrix paca 


10000 9999 7° 
9999 -9998 
Problem 5. Let X be (waees eagle Compute M*X and X*M. 


9999.9999 -9997. 0001 
Problem 6. Let X be -10001 9998 i Compute M*X and X*M. 


To compute M*X and X*M, you're supposed to use the definition of "matrix multiplication" 
as defined by college math courses. Here are the correct solutions: | 


The correct solution to problem 5 is "x= (1 ar and xeM=(j ‘ also". | 
‘ : V3001> =, 001 19998.0001 19995.00 

The correct solut t "M*X= *\— I 
rre olution to problem 6 is "M G 1 i and X*M Lee _i9994m | 


That's another example of how a small change in a problem can make a big difference in | 
the solution. | 
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Here's one more case: 


| Problem 7. Solve the simultaneous equations "913x+659y=254 and 780x+563y=217". 
_ Problem 8. Solve the simultaneous equations "913x+659y=254 and 780x+563y=216. 999". 


_ Although the problems are almost identical (so that some computers can't distinguish them 
| from each other), the correct solutions are quite different: 


The correct solution to problem 7 is "x=1 and y=-1". 
' The correct solution to problem 8 is "x=.341 and y=-.087". 


That last case of "confusing twins" leads to this fascinating paradox....Suppose you 
tell your friendly computer to "guess" an x and y to solve problem 7: 


| 913x+659y = 254 
- 780x+563y = 217 


If the computer guesses "x = .999 and y = -1.001", it finds: 


913x+659y = 252.428 
780x+563y = 215.757 


But if the computer guesses "x = .341 and y = -.087" instead, it finds: 


913x+659y = 254 
780x+563y = 216.999, which is about 217 


The computer therefore deduces that its second guess is almost perfect and much 
better than its first guess. But— here's the paradox— the second guess is not better 
than the first guess; the first guess is better, because the correct solution is 

"x = 1 and y =~-1", which is closer to the first guess. 


HOW TO REDUCE ROUND-OFF ERROR 
By the laws of mathematics, 5+.14+.14+.14 should be the same as .14+.14+.14+5. Buta 
calculator that holds only two significant digits gives different answers: 


5+. 144+. 174+.14 - 14+. 144+. 1445 


The correct answer is 5.42, so the calculation on the right seems more accurate. The 
general rule is: when adding a list of numbers, you'll get more accuracy if you begin 
with the numbers closest to 0. The rule is valid even on a top-quality computer, 
although the computer's inaccuracies are not so obvious. 
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‘ 1 1 ; 
By the laws of mathematics, (35 = 37) *70 is 4: 


eae 
oes cake 
pos 
gfe 6 
a = 
35 70 = 4 


But if we try that calculation on our two-digit calculator, we get a totally different 
answer: 


| ss es 
3g = 3+.2 =322 
Lut e: 
.1 * 70 = 7.0 


The general warning is: when you subtract two numbers that are almost equal (like ae 
and 37) , few of the digits in your answer will be correct. The warning is valid even on 


a top-quality computer, although the computer's inaccuracies are not so obvious. 
To solve the quadratic equation ax*+bx+c=0, high-school teachers say to set d equal 
to b*-4ac and then use these formulas: 


_ -b+vd 
1 nie Da 

_ -b-vd 
ey tr 


Unfortunately, if Yd is approximately b, the numerator of the formula for x, involves 
the subtraction of two numbers that are almost equal, and therefore generates round-off 
error. Use this formula instead: 


Le 
x, = ——— 
-b-vd 


If vdis approximately -b, the new formula for x, has a bad denominator, and the 
original formula is better; but since the formula for x, has a bad numerator now, use 
this formula instead: 


2¢ 
-b+vd 


X= 
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SS TOWATES 


CONNECTING THE DOTS 
Suppose you're given the value of y when x is 1, 2, 3, 4, and 5: 


Suppose you'd like to make an "intelligent guess" as to the value of y when x is 1.5, 3.01, 
100, -400, and other values. Guessing y for an in-between x (such as 1.5 and 3.01) is 
called /nterpolation; guessing y for a very large x or a very small x (such as 100 and -400) 
is called extrapolation. 

One way to guess is to connect the points with line segments: 


jean outieas. |" 


That's called pfecew/se linear estimation. 
You get a much smoother picture by using a cubic spline: 


23 4 S 
P, and P, are parts of straight lines. P,, P;, P,, and P, are parts of four different 
cubics (third-degree polynomials) , chosen so that, at the point where P; meets P. i+1? 
) P. has the same derivative and second derivative as P; +L (The term Tee ateee is 


fefined by calculus.) 
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LEAST-SQUARE LINE | 
Suppose you're given these approximate values of y: 


' hie enti 

| 
To estimate y for other values of x, you could use piecewise linear estimation or a 
cubic spline. But notice the points lie almost on a straight line: 


nAalswmnen BSAi4; S57 ch 
The points aren't exactly on that line; the errors in the y-Vvalues, are @.,, 12551 O55 e.> and | 


e;. The line's squared error is e,* +e,* +e,* +e,’ +e,*. This line has a larger squarec 
Enror: 


The line having the smallest squared error is called the least-square line, and is 
considered to be the line that best approximates the data. 
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SOLUTIONS 


HOW TO SOLVE AN EQUATION 


Suppose you want to solve a tough equation, such as 2% 4x 9=20. Rewrite it to make the 
right side be 0: 

o*+x3-20=0 

Let f(x) denote the left side of the equation: 

f(x) is 2X49 99 


So the equation you want to solve is f(x)=0. Here's a way to solve it— called the secant 
method.... 
Let x, and x, be your favorite numbers. Graph f(x,) and f(x,): 


Ply £(x,)) 
e (x2, £(x,)) 


*y 
Let x, be where the line connecting those points hits the x axis: 


(x, £(x,)) 
(x,, €(x,)) 


x, Xu 3 
Graph f(x,); it's probably close to 0: 


x, z Xa 


Connect the x, point to the x, point, to find x,: 


Connect the x, point to the x, point, to find x;: 


x3 4S 
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Probably you'll get closer and closer to the point where f(x) is 0. 
A different method, called Muller's method, uses parabolas instead of straight 


lines.... , ees 
Let X,, X,, and x, be your three favorite numbers. A common choice is -.5, .5, 


and 0. Graph f(x,), f(x,), and f(x,): 


<M xX, 
Draw the parabola that passes through those points: 


pad <1 foci" 
The parabola hits the x axis at two points (although the points might be what 


mathematicians call "imaginary"). Let x, be at one of those points. For best results, 
choose the point that's closer to the origin: 


Graph Toy : 


Se a 
Probably you'll get closer to the place where f(x) is 0. 

Usually, Muller's method moves toward the solution more rapidly than the secant 
method. Moreover, it can even find complex, "non-real" solutions, since the x value 
where the parabola hits the x axis might be of the form atbi, where i denotes v1, 
(If you're interested in only solutions that are real, pretend b is 0.) 
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Using either the secant method or Muller's, suppose you finally find a solution of 
3 


| the equation 2*+x°-20=0. Let Ss, denote that solution. To hunt for additional solutions, 
| _ X4x9 99 
| try solving the equation 


= 0. If you find a solution of that new equation, 
“Xa 399 
* e i 
eall it So> and solve the equation (x-s.)(x-s,) 
x 3 uk 2) 
2 +x -20 
solve 


(x-s,)(x-s,)(x-s 3) 


= 0. If that produces a solution s,, 
= 0, to find s,. The solutions s,, s,, S,, S8,, etc., are all 
solutions of the original equation. 


The round-off error will be less if |s,| < |s,| < |s,| < |s,| < .... So when you 
hunt for solutions, begin by trying to find the solutions closest to zero. That's why, 


when Muller's parabola hits the x axis in two points, you should pick the point that's 
closer to zero. And that's why a common choice for X,, X,, and x, is numbers near zero. 


a 
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HOW TO SOLVE SIMULTANEOUS EQUATIONS 
Try to solve these simultaneous linear equations: 


Oe SVM ae 
2x + ysa oz = 42 
x - f(y + 2g = —4 


An obvious way is Gauss-Jordan elimination. Eliminate the first coefficient: 
Mores mat Ye 
Tk 3 VP Goes 1 (I multiplied by 3 
2x ey 297 717 


Xi yew 2z0= -4 
Eliminate everything below it: 
x + ay = at = 1 
Sy Sh = 10 (I subtracted twice the first row) 
~aty +e =-5 (I subtracted the first row) 
Eliminate the first coefficient in the second row: 
>, ag 1. Ly atk 
8 8 
ot wie ed sake 3 4 
U +2 pies (I multiplied by 3) 
Eliminate everything above and below it: 
x - 2y = - (I subtracted times the second row) 
Si aa) 
z. ty Ree o7 
| 90z = 90 (I added ze times the second row) 
Eliminate the first coefficient in the third row: 
Se vee Da 
x sa oe = 3 
y 2h = 40 
3 3 1 
= 1 (I multiplied by 90? 


Eliminate everything above it: 


x = ] (I added : times the third row) 
y = 1 (I subtracted at times the third row) 
Zita 


That's the solution. (It's depressing that so much computation was needed, to get such 
a simple solution! ) 

In that example, I pivoted on the first coefficient of the first equation, then the 
first coefficient of the second equation, and finally the first coefficient of the third 
equation. To reduce the computer's round-off error, it's better at each stage to pivot 
on the coefficient that has the largest absolute value, relative to the coefficients in its 
row. For example, at this stage— 

1 1 


TY ar 32 = ih 
aa i oe 

ay ta = 10 

sat +17, = -5 
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| — it would've been better to pivot on 24 than on > since a divided by il is bigger 


than + divided by =. 


iL 


37 8 8 


Now let's go back to the original equations— 


8xt+ y- z= 8 
2x + yt 9z = 12 
ae iy + 2z = ~4 


— and solve them by a different method, called Gauss-Seidel iteration. In each equation, 
find the variable whose coefficient has the largest absolute value, and put that variable 
on one side: 


iL 1 
Bap t get l 
. ee! 
mag gy Ss 
ee 
| - | en 


Begin by guessing that x, y, and z are all 0. You'll improve the guesses, by using 
those equations. Here are the calculations, to three decimal places: 


x = 0 

y= 0 

z=0 

x= -ay + ga +1 = 1.000 
y= xt onto = 714 
z= -ox - ay + 5 = 1.032 
x= -pyt ge +1 = 1.041 
y= xt qe +e 1.014 
p=-ix-iy+ oe 990 
K=-dy+gu+1 = . 997 
y= x + into = . 996 
z= x - by + 5 = 1.002 
x= -ay +2 t+1= 1.001 
y= mx + 22 + 2 = 1.000 
z= -ox - ty + 5 = 1.000 
x= -ty + 4 + 1 = 1.000 

gy + 3 

y = ax + 22 + 2 = 1.000 
z= ~2x - ty + 2 = 1.000 


In the example, x and y and z gradually approach the correct solutions. 
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Is Gauss-Seidel iteration better or worse than Gauss-Jordan elimination? 

A disadvantage of Gauss-Seidel iteration is: it doesn't guarantee you'll approach the 
correct solution. If you follow the advice about pivoting on the coefficient that has 
the largest relative absolute value, you stand a better chance of approaching the correct} 
solution, but there's no guarantee. 

On the other hand, if Gauss-Seidel iteration does approach a solution, the solution 
will have less round-off error than with Gauss-Jordan elimination. 


HOW TO COMPUTE THE AREA UNDER A CURVE 
Try to estimate the shaded area: 


Denote the total area within the 4 trapezoids as S,- If you use 8 thin trapezoids 
(instead of 4 fat ones), you'll get a more accurate estimate, called 5S... And §,, will 
be still more accurate. Each time you double the number of trapezoids, you'll increase 
the accuracy of the estimate— until you start getting into round-off problems, caused 
by taking the sum of many small numbers. Suppose the most accurate estimate you can 
get before round-off swamps you is S 458 

According to mathematical theory, if you multiply the number of trapezoids by n, 
you tend to divide the error by n? (until round-off sets in). In other words, 

Ss. - True area 


n2 


Ne 


Sk - True area 


(The symbol "=" means "approximately equals".) For example, if you let n be 2, you 


have: 
S, - True area 
k 
4 
Solving that equation for True area, you get: 
Ses 
Z 2k ~k 
True area = So, as ee ae : 
32 


: 16 
For example, you can estimate the True area to be § oat eae re That estimate will be 


So, - True area = 


more accurate than §S 39> While still avoiding the round-off error of S,,- That estimate 
S.,.75 

i - 7) ecaeill : . 

1s called T,,. In general, To, = So. + eRe and is a better estimate than So, 
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The estimate is not the exact area, although it's a close approximation. If ithe 
multiply the number of trapezoids by n, you tend to divide the error of T by i? 
In other words: 

qT, ~ True area 


Pik Pe. rue area’ = aks Lae 2 
For example, if you let n be 2, you get: 


T, - True area 
To, - True area = ig 


Solving that equation for True area, you get: 
Ket 
a: 2k k 
mrue area = To. F eal eee 
Therefore, in our example, you can estimate the True area to be T,, + 
S 305g “ Sig 5, ; ’ 
yal andaly cis a) <> 3 . That estimate is called Dis 


The U estimate is not the exact area either, although it's a close approximation. If 
you multiply the number of pied deters by n, you tend to divide the error of U by a 
Imitating the previous reasoning, you're jed to a V estimate, which has order n° , and 
leads to a W estimate, which has order n*°, and leads to an X estimate, etc. This use 
of successively better estimates is called Romberg integration. 

A less intelligent approach is to divide the area into parabolas: 


where T,, is S,, + 


Notice that the two parabolas require the same number of evaluations as four trapezoids. 
If you use n parabolas (which require as many evaluations as 2n trapezoids), you'll get 
a more accurate estimate than S n° In fact, you'll get Ton’ So parabolas give the same 


answer as using Romberg's method halfheartedly (computing T but not U or V or W). 
The use of parabolas is called Simpson's rule. 

A totally different approach to estimating the shaded area is Gaussian quadrature. 
The area is estimated to be the area of a rectangle that has the same width and a certain 
height: 


"1SVd YNO *8 YALdWHO HOA AOVd AHL NANL 
iISISATVWNV IWOIMSWAN *Z2 YALdVWHO GAHSINIA NOA i 


To compute the height of the rectangle, you find the height of the shaded area at certain 
chosen points, and take a weighted average. The chosen points are irregularly spaced, 
unlike the points used in the trapezoid and Simpson rules; the spacing and weighting are 
concocted so that, by examining the height at just n points, you'll get the exact area if 
the curve is a "polynomial of degree < 2n-1". 


(219) Numerical analysis: solutions 


WELCOME TO 


CHAPTER 8: OUR PAST | [33nd 


ANCIENT HISTORY 


BEFORE COMPUTERS 
The first programmable computers were invented in the 1940's. Before then, there 
wasn't much to talk about. People had invented the abacus, then the adding machine, 
and then the slide rule, but those gadgets were far simpler than computers. 

The history of punched cards is weird. The cards were first used for weaving 
tapestries. Where the cards had holes, rods could move through the cards; those 
moving rods in turn made other rods move, which caused the threads to weave 
pictures. That machine was called the Jacquard loom. 


CHARLES BABBAGE 
Charles Babbage was a wild-eyed English mathematician who, in the 1800's, believed 
he could build a fancy computing machine. He convinced the British government to 
give him lots of money. Then he bilked the government for more. Many years later— 
and many British-pounds later— he still hadn't finished his machine. So he dropped 
the idea and— can you believe this?— tried to build an even fancier machine. 
Needless to say, he didn't finish that one either. So you might say his life was a 
failure— and an expensive one, for the British government. 

But Charlie (as I shall call him) is admired by all us computerniks (in spite of his 
face, which was even sterner than Beethoven's), because he was the first person to 
realize that a computing machine must be composed of an input device (he used a 
card reader), a memory (which he called "The Store"), a central processing unit 
(which he called "The Mill"), and an output device (he used a printer). 


LADY LOVELACE 
Women's Libbers will kill me if I don't mention Charlie's side-kick, Lady Lovelace. 
(No, she's not related to Linda.) She was one of Charlie's great admirers, but he 
never noticed her until she translated his stuff. And boy, it was impossible for him 
not to notice her translation. Her "footnotes" to the translation were three times as 
long as what she was translating! 

She got very intense. She wrote to Charlie, "I am working very hard for you; 
like the Devil in fact; (which perhaps I am)." 

The two became love-birds, although he was old enough to be her father. (By the 
way, her father was Lord Byron, the poet. She was Lord Byron's only "official" 
daughter. He had several other daughters, but they were illegitimate.) Some people 
argue that she was actually brighter than Charlie, despite Charlie's fame. She was 
better at explaining Charlie's machines and their implications than Charlie was. Some 
people have dubbed her, "the world's first programmer". 

She stunned all the men she met. She was so bright and... a woman! Here's how 
the editor of The Examiner described her (note the pre-Women's-Lib language! ): 


"She was thoroughly original, and her genius, for genius she possessed, was not 
poetic, but metaphysical and mathematical. With an understanding thoroughly 
masculine in solidity, grasp, and firmness, Lady Lovelace had all the delicacies of 
the most refined female character. Her manners, her tastes, her accomplishments, 
were feminine in the nicest sense of the word; and the superficial observer would 
never have divined the strength and the knowledge that lay hidden under the 
womanly graces. Proportionate to her distaste for the frivolous and commonplace 
was her enjoyment of true intellectual society. Eagerly she sought the acquaintance 
of all who were distinguished in science, art, and literature." 


Eventually, she went mad. To prevent her from banging her head, they lined her 
room with mattresses. Nevertheless, she died gruesomely, at the ripe young age of 
36, the same age her father died. (I guess premature death was popular in her 
Devilish family.) 
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I wish the Women's Lib press would pick a different idol than Lady Lovelace. 
She was not the most important woman in the history of computing. Far more important 
were Grace Hopper (who, in the 1950's, invented the first programming languages) 
and Jean Sammet (who headed the main committee that invented COBOL, and who is 
generally considered to be the world's expert on the history of programming languages, 
and who has been president of the U.S. organization of computer professionals, which 
is called the ACM). Lady Lovelace was second-string to Babbage. Grace Hopper and 
Jean Sammet are second-string to nobody. But unfortunately, Hopper and Sammet 
lead less racy lives, so journalists ignore them. Also, since Hopper is an Admiral in 
the Navy (bet you didn't know the Navy has lady Admirals! ), she doesn't enchant 
some of us doves. Nevertheless, every time she steps in front of an audience, she 
gets a standing ovation, because all of us realize how crucial she was to what computers 
are today. 

But I'm straying from my story.... 


HERMAN HOLLERITH 

The U.S. Bureau of the Census takes its census every ten years. For the 1880 
census, the guys at the Bureau had a hard time: it took them 7 years to tabulate 
the results of the census. In other words, they didn't finish until 1887. When they 
contemplated the upcoming 1890 census, they got scared: at the rate America was 
growing, they figured that tallying the 1890 census would take 12 years. In other 
words, the results of the 1890 census wouldn't be ready until 1902. So they held a 
contest, to see whether anyone could invent a faster way to tabulate the data. 

The winner was Herman Hollerith. He was the first person to successfully use 
punched cards to process data. 

Hermie (as I shall call him) was modest. When people asked him how he got the 
idea of using punched cards, he had two answers. One was, "Trains": he had watched 
a train's conductor punch the tickets. His other, more interesting answer was, 
"Chicken salad". After saying "Chicken salad", he would pause, and wait for you to 
ask the obvious question, "Why chicken salad?" Then he would tell his tale.... 

One day, a girl saw him gulping down chicken salad. She said, "Oh, you like 
chicken salad? Come to my house. My mother makes excellent chicken salad." So he 
did. And her father was a head of the Census. (And he married the girl.) 

By the way, Herman Hollerith hated one thing: spelling. In elementary school, 
he jumped out a second-story window, to avoid a spelling test. 

In some versions of FORTRAN, every string must be preceded by the letter H. 
For example, instead of saying— 


"DOG' 
you must say: 
3HDOG 


The H is to honor Herman Hollerith. 
Anyway, getting back to the story, in 1890 the Census used Hollerith's system, 
and used it again in 1900. But in 1910, the Census switched to a more advanced 
system, created by a Census Bureau employee named James Powers, who eventually 
left the Census to start his own company, which eventually merged into Remington-Rand- 
Sperry-Univac. Meanwhile, Herman Hollerith's own company merged into IBM. And 
that's how the first two computer companies got started in data processing. 
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WORLD WAR II 
The first programmable computers were invented in the 1940's, because of World War II. 
They could have been invented sooner— most of the know-how was available several 
decades earlier— but you can't invent a computer unless you have big bucks for 
research. And the only organization that had big enough bucks was the Defense 
Department (which in those days was more honestly called the "War Department"). 
And the only event that was big enough to make the War Department spend that kind 
of money was World War II. 

Of course, the Germans did the same thing. A German fellow named Konrad Zuse 
built computers which were in some ways better than the American ones. But since 
the Germans lost the war, you don't hear much about old Konrad anymore. Fortunately, 
throughout World War II the German military ignored what he was doing. 

Most of the computers in the 1940's were invented at universities, usually with funds 
from the War-Defense Department. Some of the most famous computers were the Mark I 
(at Harvard, with help from IBM), the ENIAC and the EDVAC (both at the University 
of Pennsylvania), the Whirlwind (at M.I.T.— the Massachusetts Institute of Technology) 
and the Ferranti Mark I (at the University of Manchester, in England). Which of those 
computers deserves to be called "the first programmable computer"? The answer's up 
for grabs. Each of those machines had its own peculiar hang-ups, and required several 
years of debugging before it actually worked decently. 

Each of those computers was, as they say in the art world, a "signed original". No 
two of those computers were alike. 


THE FIRST GENERATION 
1951-1958 


It all started with UNIVAC 
The first computer to be mass-produced was the UNIVAC I, in 1951. It was made by 
two guys, named Eckert and Mauchly— the same guys who built the ENIAC and EDVAC 
at the University of Pennsylvania. (Mauchly was an instructor there, and Eckert was 
the graduate student who did the dirty work.) While others at the school were helping 
build the EDVAC, Eckert and Mauchly left and formed their own company, which 
invented and started building the UNIVAC. But by the time the UNIVAC was completed, 
the Eckert-Mauchly company had merged into Remington Rand (which later merged into 
Sperry-Rand, which sprouted a division which today is called Sperry-Univac). 

Because the UNIVAC I was so important, historians call it the beginning of the 
"first generation". As for computers before UNIVAC— historians disparagingly call 
them the "zeroth generation". ‘ 

So the first generation began in 1951. It lasted through 1958. Altogether, from 
1951 to 1958, 46 of those UNIVACs were sold. 

46 might not sound like many. But remember: in those days, computers were very 
expensive, and could do very little. Another reason why only 46 were sold is that 
newer models came out, such as the UNIVAC 1103, the UNIVAC 80, and the UNIVAC 90. 
But the biggest reason why only 46 of the UNIVAC I were sold is IBM. 


The rise of IBM 

Although IBM didn't begin mass-marketing computers until 1953— two years after 
UNIVAC— the IBM guys were much better salesmen, and soon practically everybody 
was buying from IBM. During the first generation, the hottest seller was the IBM 650. 
Yep, IBM sold hundreds and hundreds of them. 

Of course, there were many smaller manufacturers too. People summarized the whole 
computer industry in one phrase: "IBM and the Seven Dwarfs". 

Who were the dwarfs? They kept changing. Companies rapidly entered the field and 
then rapidly left, when they realized IBM had the upper hand. By the end of the first 
generation, IBM was getting 70% of the sales. 
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Primitive input and output 

During the first generation, there were no terminals. To program the UNIVAC I, 
you had to put the program onto magnetic tape (by using a non-computerized machine) , 
then feed the tape into the computer, then wait for the computer to spit out another 
magnetic tape, which you then had to run through another machine, to find out what 
the tape said. 

One reason why the IBM 650 became more popular was that it could read cards 
instead of tapes. It really liked cards. In fact, the answers came out on cards. 
To transfer the answers from cards to paper, you had to run the cards through a 
separate non-computerized machine. 


Memory 

At the beginning of the first generation, there was no RAM, no ROM, and no core. 
Instead, the UNIVAC's main memory was banks of liquid mercury, in which the bits 
were stored as ultrasonic sound waves. It worked slowly and serially, so the access 
time ranged from 40 to 400 microseconds per bit. 

UNIVAC's manufacturer and IBM started playing around with a different kind of 
memory, called the Williams tube, which was faster (10 to 50 microseconds); but 
since it was less reliable, it didn't sell well. 

In 1953, several manufacturers started selling computers that were much cheaper, 
because they used super-slow memory: it was a drum that rotated at 3600 rpm, 
giving an average access time of 17000 microseconds (17 milliseconds). (Today, some 
computers still use drums, but for auxiliary memory, not for main memory.) The 
most popular first-generation computer, the IBM 650, was one of those cheap drum 
computers. 

The idea of core memory began in 1950. The first working models were invented 
in 1953 at M.I.T. and RCA, which argued with each other about who owned the patent. 
The courts decided in favor of M.I.T., so both RCA and /BM came out with core-memory 
computers. Core memory proved so popular that even today many minicomputers and 
maxicomputers still use core, though RAM is finally starting to overshadow it. 


Languages 
During the first generation, computer programming improved a lot. During the early 
'50s, all programs had to be written in machine language. In the middle 50's, assembly 
language became available. By 1958, the end of the first generation, three major 
high-level languages had become available: FORTRAN, ALGOL, and APT. 


Fancy programs 

Programmers tried to make computers play a decent game of chess. All the attempts 
failed. But at IBM, Arthur Samuel had some luck with checkers. He got his first 
checkers program working in 1952, and then continually improved it, to make it 
more and more sophisticated. In 1955, he rewrote it so that it learned from its own 
mistakes. In 1956, he demonstrated it on national television. He kept working on it. 
Though it hadn't reached championship level yet, it was starting to look impressive. 

Computer music scored its first big success in 1956, on the University of Illinois' 
ILLIAC computer. Hiller & Isaacson made the ILLIAC compose its own music, in a 
style that sounded pre-Bach. In 1957, they made the program more flexible, so that 
it produced many styles of more modern music. The resulting mish-mash composition 
was dubbed "The ILLIAC Suite", and put onto a phonograph record. 

In 1954, IBM wrote a program that translated simple sentences from Russian to 
English. Work on tackling harder sentences continued— with too much optimism. 
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THE SECOND GENERATION 
1959-1963 


Hardware 

Throughout the first generation, each CPU was composed of vacuum tubes. Back in 
1948, Bell Telephone had invented the transistor, and everybody realized that 
transistors would be better than vacuum tubes; but putting transistors into computers 
posed many practical problems, which weren't solved for many years. Finally, in 1959, 
computer companies suddenly started delivering transistorized computers; that year 
marked the beginning of the second generation; sales of vacuum-tube computers 
immediately stopped. 

All second-generation computers used core memory. 


IBM 
The first company to make transistors for computers was Phileco, but the most popular 
second-generation computer turned out to be the IBM 1401, because it was business- 
oriented and cheap. IBM announced it in 1959, and started shipping it to customers 
in 1960. 

Its core memory required 11.5 microseconds per character. Each character consisted 
of 6 bits. The number of characters in the memory could range from 1.4K up to 16K. 
Most people rented the 1401 for about $8,000 per month, but you could spend anywhere 
from $4,000 to $12,000 per month, depending on how much memory you wanted, etc. 

Altogether, IBM installed 14,000 of those machines. IBM also installed 1,000 of a 
faster version called the 1410 (which required only 4.5 microseconds per character, 
had 10K to 80K, and rented for $8,000 to $18,000 per month, typically $11,000). 

Even today, many of those 1401 and 1410 machines are hanging around, and 
companies are still trying to convert programs from the 1401 to the IBM 370. 

Altogether, IBM produced six kinds of computers.... 


small business computers: the 1401, 1410, 1440, and 1460 
small scientific computers: the 1620 


medium-sized business computers: the 7010 
medium-sized scientific computers: the 7040 and 7044 


large business computers: the 7070, 7074, and 7080 
large scientific computers: the 7090 and 7094 


CDC 
Several employees left Remington-Rand-Sperry-Univac and formed their own company, 
called the Control Data Corporation (CDC). During the second generation, CDC 
produced popular scientific computers: the 1604, the 3600, and the 3800. 


Software 

During the second generation, software improved tremendously. 

The 3 major programming languages that had been invented during the first 
generation (FORTRAN, ALGOL, and APT) were significantly improved. 

6 new programming languages were invented: COBOL, RPG, LISP, SNOBOL, 
DYNAMO, and GPSS. 

The 3 most popular sorting methods were invented: the Shuffle Sort, the Shell Sort, 
and Quicksort. 

Programmers wrote advanced programs that answer questions about baseball, 
write poetry, tutor medical students, imitate three-person social interaction, control 
a mechanical hand, prove theorems in geometry, and solve indefinite integrals. 
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THE DAWN OF THE THIRD GENERATION 
1964-1967 


The big bang 
The third generation began with a big bang, in 1964. Here's what happened in 
1964, 1965, 1966, and 1967.... 


Families 
The first modern computer families were shipped. They were the CDC 6600, the 
IBM 360, the PDP-6, the PDP-8, and the PDP-10. 

Of those families, the CDC 6600 ran the most quickly. The IBM 360 was the most 
flexible, and was also the only one that used integrated circuits. The PDP-6 and 
PDP-10 were the best for timesharing. The PDP-8 was the cheapest. 

Here are the exact dates. In 1964, CDC began shipping the CDC 6600. In 1964, 
IBM announced it was going to create a new family, the IBM 360; shipments began 
in 1966. In 1964, DEC began shipping the PDP-6 (a maxicomputer); in 1965, DEC 
began shipping the PDP-8 (a minicomputer); in 1967, DEC began shipping the PDP-10 
(a maxicomputer that's a souped-up PDP-6). 


New languages 
IBM announced it was going to create a new computer language, that would combine 
all previous popular languages, including FORTRAN, COBOL, and ALGOL. That new 
language was PL/I. It was designed especially for IBM's new computer, the 360. 
In 1966, IBM began delivering PL/I to customers. 

Programmers invented the first successful languages for beginners using terminals. 
Those languages were called BASIC, JOSS, and APL. Here are the exact dates.... 

Dartmouth College invented the first version of BASIC in 1964, and significantly 
improved it in 1966 and 1967. 

In 1964, the RAND Corporation invented JOSS, for the JOHNNIAC computer. In 
1965, an improved version, called JOSS II, was put onto the PDP-6. Today people 
use three popular variations of JOSS: a souped-up version (called AID), a stripped-down 
version (called FOCAL), and a business-oriented version (called MUMPS). 

IBM completed the first version of APL in 1965, and put it on an IBM 7090. In 1966, 
IBM wrote a much better version of APL, and put it on an IBM 360. In 1967, IBM began 
shipping APL to customers. 

Stanford University invented the most popular language for statistics: SPSS. 


Artificial intelligence 
Researchers (who called themselves "experts in artificial intelligence") taught the 
computer to chat in ordinary English: 


Bertram Raphael made the computer learn from conversations. 

Daniel Bobrow made it use algebra to solve "Story problems". 

The Systems Development Corporation made it know everything in an encyclopedia. 
General Electric made it answer military questions. 

Ross Quillian made it find underlying concepts. 

Joe Weizenbaum made it act as a psychotherapist. 


Also, Richard Greenblatt wrote the first decent chess program. It was good enough 
to play in championship tournaments against humans. 
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THE ERA OF BOREDOM 
1968-1974 


Proof of boredom 

As you can see, the first, second, and third generations— up through 1967— were 
exciting, full of action. But then, from 1968 to 1974, nothing newsworthy happened. 
That was the era of boredom. 

During the era of boredom, progress was made, but it was gradual and predictable. 
Nothing dramatic happened. 

Of course, nobody actually came out and said, "Life is boring." People phrased it 
more genteelly. For example, this passage was written in September 1971, by 
Robert Fenichel and Joe Weizenbaum, for their introduction to Scientific American's 
computer anthology: 


"Partly because of the recent recession in the American economy, but more for reasons 
internal to the field, computer science has recently relaxed its pace. Work has not 
stopped, but that the current mood is one of consolidation can scarcely be doubted. 
Just a few years ago, computer science was moving so swiftly that even the professional 
journals were more archival than informative. This book could not then have been 
produced without great risk of misfocus. Today it is much easier to put the articles 
that constitute this book— even the most recent ones— into context." . 


Since the first generation had lasted eight years (1951-1958), and the second 
generation had lasted four years (1959-1963), so people were expecting the 
third generation to last at most four years (1964-1967) and that some kind of 
"fourth generation" would begin about 1968. But it never happened. 

The only "major" announcement around then came in 1970, when IBM announced 
it would produce a new line of computers, called the IBM 370, which would make the 
IBM 360 obsolete. But to IBM's dismay, many computer centers decided to hang onto 
the old 360, instead of switching to the 370. The 370's advantage over the 360 was 
little, until several years later, when IBM started developing 370 software that 
wouldn't run on the 360. 

Since the difference between the 370 and the 360 was disappointingly small, not 
even IBM claimed that the 370 marked a fourth generation. Computer historians, 
desperate for something positive to say about the 370, called it the beginning of 
the "late third generation", as opposed to the 360, which belonged to the "early 
third generation". 

The cruel fact is, in the entire history of computers, there was only one year 
all computer manufacturers acted together to produce something new. That year was 
1959, when all manufacturers switched from vacuum tubes to transistors. Since 1959, 
we haven't had any consistency. For example, although the third generation began 
with a "big bang" in 1964, each manufacturer was banging on a different drum. IBM 
was proclaiming how great the IBM 360 would be, because it would contain integrated 
circuits; but other manufacturers decided to ignore integrated circuits for several 
eayrs, and concentrated on improving other aspects of the computer instead. For 
many years after the beginning of the third generation, CDC and DEC continued to 
use discrete transistors (a sign of the second generation) instead of integrated circuits. 


Why? 
The era of boredom happened for three reasons.... 
; The preceding years, 1964-1967, had been so successful that they were hard to 
improve on. 

When the Vietnam War ended, the American economy had a recession, especially the 
computer industry, because it had depended on contracts from the Department of 
Defense. In 1969, the recession hit its worst point, and computer companies had to 
lay off many workers. In that year, General Electric gave up, and sold its computer 
division to Honeywell. In 1971, RCA gave up also, and sold its computer division to 
Remington-Rand-Sperry-Univac. 
ee world wasn't yet ready for "the era of personal computing", which began in 
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Quiet changes 
During the era of boredom, these changes occurred— quietly.... 

In 1970, DEC began shipping the PDP-11. The PDP-8 and PDP-11 became the 
most popular minicomputers— far more popular than IBM's minicomputers. So in 
the field of minicomputers, IBM no longer had the upper hand. 

BASIC became the most popular language for the PDP-8 and the PDP-11 and most 
other minicomputers (except IBM's, which emphasized RPG). In high schools and 
business schools, most of the introductory computer courses used BASIC, instead 
of FORTRAN or COBOL. 

Many businesses and high schools bought their own minicomputers, instead of 
renting time on neighbors' maxicomputers. The typical high-school computer class 
used a PDP-8. The richest high schools bought PDP-1I1's. 

In universities, the social sciences started using computers— and heavily— for 
doing statistical analysis. 

All new computer families used 8-bit bytes, so the length of each word was a 
multiple of 8 (such as 8, 16, 32, or 64). Most older computer families, invented 
before the era of boredom, had used 6-bit bytes, so the length of each word had 
been a multiple of 6: for example, the PDP-8 had a word of 12 bits; the PDP-10 and 
UNIVAC 1100 and General Electric-Honeywell computers had a word of 36 bits; and the 
CDC 6600 had a word of 60 bits. The IBM 360 was the first computer to use 8-bit bytes 
instead of 6-bit; during the era of boredom, all manufacturers copied that feature 
from IBM. 

CRT terminals (which use T.V.-like screens) got cheaper and cheaper, until they 
were finally as cheap as hard-copy terminals (which use paper). Most computer centers 
replaced hard-copy terminals by CRT terminals, since CRT terminals were quicker, 
quieter, and could do fancy editing. 

Use of keypunch machines decreased, because many computer centers replaced 
ecards by CRT terminals. 

Interest in new computer languages died. Most computer managers decided to 
stick with the old favorites— FORTRAN and COBOL— instead of switching to more 
progressive languages, such as PL/I. Switching to PL/I would have required many 
programmers to be retrained, and many programs to be rewritten; managers couldn't 
afford that. 

Programmers made two last-ditch attempts to improve ALGOL. The first attempt, 
called "ALGOL 68", failed to win popular appeal, because it was too complicated. 
The second attempt, called "PASCAL", gained more support, but slowly. 

Maxicomputers were given "virtual core'— disks that pretend to be core, in case 
you're trying to run a program that's too large to fit into core. 

Semiconductor memory got cheaper and cheaper, until it was finally cheaper than 
core. Most manufacturers replaced core by semiconductor memory. 

In 1971, Intel began shipping the first microprocessor (complete CPU on a chip). 
It was called the 4004, and had a word of only 4 bits. In 1972, Intel began shipping 
an improved version, called the 8008, whose word had 8 bits. In 1973, Intel began 
shipping an even better version, called the 8080. 
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MICRO HISTORY 


S-100 BUS COMPUTERS 
In 1975, the first popular microcomputer was shipped. It was called the A/tair and 
was manufactured by a company called M/TS. It cost just $395, 

It was just a box that contained a CPU and very little RAM: only 2 of a K! It 
included no printer, no disk, no tape, no ROM, no screen, and not even a keyboard! 
The only way to communicate with the computer was to throw 25 switches and watch 
36 blinking lights. It didn't understand BASIC or any other high-level computer 
language: to learn how to throw the switches and watch the blinking lights, you had 
to take a course in "machine language". You also had to take a course in 
electronics—because the $395 got you just a kit that you had to assemble yourself, 
by using a soldering iron and reading electronics diagrams. Moreover, when you 
finished building the kit, you found that some of the parts were missing or 
defective, so that you had to contact MITS for new parts. 

That computer contained several empty slots, to hold extra PC boards. 
Eventually, many companies invented PC boards to put into those slots; those PC 
boards would let you insert extra RAM and also attach terminals, televisions, tape 
recorders, disk drives, and printers. Those PC boards were expensive. 

Bill Gates invented a way to make the Altair handle BASIC. He called his method 
Microsoft BASIC. He patterned it after DEC's BASIC; but he included extra features 
that exploited the Altair's ability to be "personal", and he eliminated features that 
would require too much RAM. 

Gary Kildall invented a DOS that the Altair could use. He called his DOS CP/M. 

Many companies built computers that imitated the Altair. Those imitations became 
more popular than the Altair itself. Eventually, MITS (the company that made the 
Altair) went out of business. 

The computers that imitated the Altair were called S-100 bus computers, because 
they each used a cable that contained 100 wires. 

In those days, the microcomputer industry was standardized. Each popular 
microcomputer used Microsoft BASIC, CP/M, and the S-100 bus. The microcomputer 
was just a box that contained PC cards; it had no keyboard, no screen, and no disk 
drive. A cable went from the microcomputer to a terminal (keyboard with screen), 
which was priced separately. Another cable went from the microcomputer to a disk 
drive, which was also priced separately. 


COMPUTERS WITH BUILT-IN KEYBOARDS 
In 1977, four companies began selling microcomputers that had built-in keyboards, 
so you didn't have to buy a terminal. Their computers became immediately popular. 
The four companies were Processor Technology, Apple, Commodore, and Radio 
Shack. 

Processor Technology's computer was called the So/ 20, in honor of Solomon 
Libes, who was an editor of Popular Electronics. Apple's computer was called the 
Apple 2, because it was an improvement on the Apple 1, which had lacked a built-in 
keyboard. Commodore's computer was called the PET, because its concept was 
invented by the same guy who had invented pet rocks. (He figured that if people 
were stupid enough to buy novelty items called "pet rocks", they'd really go ape 
over "pet computers".) Radio Shack's computer was called the TRS-80, because it 
was manufactured by Tandy's Radio Shack and contained a Z-80 CPU. 

For a fully assembled computer, Processor Technology charged $1850, Apple 
charged $970, Commodore charged $595 (but quickly raised the price to $795), and 
Radio Shack charged $599 (but soon lowered the price to $499). Notice that 
Commodore and Radio Shack had the lowest prices. Also, the low prices from 
Commodore and Radio Shack included a monitor, whereas the prices from Processor 


Technology and Apple didn't. So Commodore and Radio Shack were the real 
"bargains". 
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The popularity of those computers was directly related to their prices. The 
cheapest computer (Radio Shack's) was the most popular; Commodore was the second 
most popular; Apple was the third most popular; and Processor Technology, after a 
brief fling of popularity, went bankrupt. 

So at that time, you could buy four popular kinds of microcomputers: the 
cheapest was Radio Shack's TRS- 80; next up was Commodore's PET; next up was the 
Apple 2; and the most expensive kind of microcomputer was the CP/M S-100 bus 
system, which was the oldest kind and therefore had accumulated the greatest 
quantity of business software. 


IMPROVEMENTS 


In 1978 and 1979, the three main companies (Apple, Commodore, and Radio Shack) 


improved their computers. 
The improved Apple 2 was called the Apple 2-p/us. The improved Commodore PET 


was called the Commodore Business Machine (CBM). The improved Radio Shack 
TRS-80 was called the TRS-80 model 2. 

After announcing the Apple 2-plus, Apple Computer Company stopped selling the ~ 
plain Apple 2. 

Commodore continued selling its old computer (the PET) to customers who 
couldn't afford the new version (the CBM), which was more expensive. Likewise, 
Radio Shack continued selling its model 1 to customers who couldn't afford the model 
2. 


TEXAS INSTRUMENTS & ATARI 
In 1979, Texas Instruments (TI) and Atari entered the microcomputer marketplace 
and began selling low-priced computers. 

TI's microcomputer was called the T/ 99/4. Atari offered two microcomputers, 
called the Atari 400 and the Atari 800. 

TI charged $1150. Atari charged $1000 for the regular model (the Atari 800) and 
$550 for the stripped-down model (the Atari 400). 

TI's price included a color monitor. Atari's prices did not include a screen; you 
were to attach Atari's computers to your home's TV. 

TI's computer was terrible, especially its keyboard. The Atari 800 computer was 
wonderful: it had a wonderfully easy-to-use keyboard, offered a wonderfully easy 
way to edit your programs, produced wonderfully gorgeous colors on your TV, was 
wonderfully child-proof (safe for little kids), offered wonderfully dazzling games, 
and, when you considered everything you were getting, had a wonderfully low 
price! It was cheaper than an Apple (whose price had by then risen to $1195) and yet 
was much better than an Apple. 

From that description, you'd think that the Atari 800 would become the world's 
best-selling computer, and that the TI 99/4 would become an immediate flop and stop 
being sold. Indeed, that's what most computer experts hoped. And so did the TI 
99/4's product manager: when he saw what a mess the TI 99/4 had become, he quit TI 
and went to work for Atari, where he became the product manager for the Atari 400 & 
800! 

But even though computer experts realized that TI's computer was junk, TI 
decided to market it very aggressively, in several ways. TI coaxed Milton Bradley 
and Scott Foresman to write lots of programs for the 99/4. It paid researchers at MIT 
to make the 99/4 understand LOGO (a computer language used by young children 
and very popular in elementary schools). It improved the keyboard just enough so 
that people would stop laughing at it; the version with the new keyboard was named 
the 99/4A. TI paid Bill Cosby to praise the 99/4A, and ran many hundreds of ads on 
TV that showed Bill Cosby saying "wow". TI dropped the price dramatically: the 
$1150 price was slashed to $650, then $150, and finally became just $99.50! (To bring 
the price that low, TI had to exclude the color monitor from the price; instead, TI 
included a hookup to your home's color TV.) 
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By contrast, Atari did hardly anything to market or further improve the Atari 
400 and Atari 800. Instead, Atari concentrated on its other products: the big Atari 
game machines (which you find in video arcades), and the Atari VCS machine (which 
plays video games on your home TV). 

The TI 99/4A therefore became more popular than the Atari 400 and Atari 
800—even though the TI 99/4A was inherently worse. 


SINCLAIR, OSBORNE, & BACKLASH 
In 1980 and 1981, two important companies entered the microcomputer marketplace: 
Timex Sinclair (1980), and Osborne (1981). 

The first complete computer that sold for less that $200 was invented by a British 
chap named Clive Sinclair and manufactured by Timex. The original version was 
called the ZX-80 (because it was invented in 1980, contained a Z-80 CPU, and was 
claimed to be "Xellent"); it sold for $199.95. In 1981, Clive Sinclair invented an 
improved version, called the ZX-87. Later, he and Timex invented further 
improvements, called the ZX Spectrum and the Timex Sinclair 1000. When TI dropped 
the price of the TI 99/4A to $99.50, Timex retaliated by dropping the list price of the 
Timex Sinclair 1000 to $49.95, so that the Timex Sinclair 1000 remained the cheapest 
complete computer. 

In April 1981, Adam Osborne began the Osborne Computer Corp. and began 
selling the Osborne 1 computer, which was designed by Lee Felsenstein, who had 
also designed Processor Technology's Sol 20 computer. The Osborne 1 computer cost 
$1795 and included practically everything a business executive needed: its $1795 
price included a keyboard, a monitor, a Z-80A CPU, a 64K RAM, two disk drives, 
CP/M, Microsoft BASIC, a second version of BASIC, a fancy word processor 
(Wordstar), and an electronic-spreadsheet program for accounting (Supercalc). 
Moreover, the entire computer system (including even the monitor and disk drives) 
was collapsible, and turned itself into an easy-to-carry attaché case! It was the 
world's first portable business computer. 


While Timex Sinclair and Osborne were entering the marketplace, Radio Shack, 


Apple, and Commodore were introducing new computers of their own. Let's look at 
thems eas). 


In 1980, Radio Shack began selling three new computers. The TRS-80 model 3 
replaced Radio Shack's cheapest computer (the model 1) and was almost as good as 
Radio Shack's fanciest computer (the model 2). The TRS-80 Color Computer drew 
pictures in color and cost less than the model 3. The TRS-80 Pocket Computer fit into 
your pocket, looked like a pocket calculator, and was manufactured for Radio Shack 
by Sharp Electronics in Japan. 

In 1980, Apple began selling the Apple 3. It was overpriced; and to make matters 
worse, the first Apple 3's that rolled off the assembly line were defective. Apple 
eventually lowered the price and also fixed the defects; but becuase the Apple 3 had 
gotten off to such a bad start, computer consultants didn't trust it and told 
everybody to avoid it. 

In 1981, Commodore began selling the V/C-20, which drew pictures in color and 
cost less than Radio Shack's Color Computer. In fact, the VIC-20 was the first 
computer that drew pictures in color for less than $300. The VIC-20 originally sold 
for $299.95. When TI lowered the price of the TI 99/4A to $99.95, Commodore 
lowered the price of the VIC-20: at a typical discount department store (such as K 
Mart or Toys R Us or Child World), you could buy the VIC-20 for just $85: the 
VIC- 20 was still the cheapest computer that could handle color. (The Timex Sinclair 
1000 was cheaper but handled only black-and-white.) Moreover, the VIC-20 had 
standard Microsoft BASIC, whereas the Timex Sinclair 1000 and TI 99/4A did not; so 
the VIC- 20 was the cheapest computer that had standard Microsoft BASIC; it was the 
cheapest computer that was pleasant to program. Also, the VIC-20 had a nice 
keyboard, whereas the keyboards on the Timex Sinclair 1000 and TI 99/4A were 
pathetic; so the VIC-20 was the cheapest computer that had a nice keyboard. The 
VIC-20 became immediately popular. 
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IBM PC 
On August 12, 1981, IBM announced a new microcomputer, called the /BM Personal 
Computer (or IBM PC). 

Although IBM had previously invented other microcomputers (the IBM 5100 and 
the IBM System 23 Datamaster), they'd been overpriced and nobody took them 
seriously—not even IBM. The IBM Personal Computer was IBM's first serious attempt 
to sell a microcomputer. 

The IBM Personal Computer was a smashing success, because of its amazingly 
high quality and amazingly low price. It became the standard against which the rest 
of the microcomputer industry was judged. 

In the years that followed, many other companies tried to imitate the IBM Personal 
Computer, but none of the imitations was competitive enough to hurt IBM. 
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FAIS GGUS 


APPLE 
The original Apple computer was invented by Steve Wozniak, who was an engineer at 
Hewlett-Packard. In 1975, he offered the plans to his boss at Hewlett-Packard, but 
his boss said the Apple didn't fit into Hewlett-Packard's marketing plan and 
suggested that Steve start his own company. So he did. 

He worked with his friend, Steve Jobs. Steve Wozniak was the engineer; Steve 
Jobs was the businessman. Both were young: Steve Wozniak was 22; Steve Jobs was 
19. Both were college drop-outs. To begin the company, Steve & Steve invested just 
$1300, which they got by selling a used Volkswagen Micro Bus and a used calculator. 
They built the first Apple computer in their garage. They sold it by word of mouth, 
then later by ads. The advertised price was just $666.60. 

In 1977, Steve & Steve invented a better computer, called the Apple 2. Unlike the 
original Apple, the Apple 2 included a keyboard and displayed graphics in color and 
was more expensive ($970). 

The Apple 2's graphics made it popular among educators. The Apple 2 was also 
practical for business, because Steve Wozniak invented a disk controller that was 
low-cost but very reliable; so when Dan Bricklin and Bob Franskston wrote the first 
spreadsheet program (Visicalc) , they wrote it for the Apple 2. 

Later, Wozniak got into an airplane crash which hurt his head and gave him 
amnesia, so he left the company and enrolled in college under a fake name ("Rocky 
Clark"). After he graduated, he returned to Apple Computer Company quietly. The 
the company's management had passed entirely to Steve Jobs. 

Though Apple was successful, Steve Jobs' strategies upset some computerists. 
For example, Apple's ads claimed that the Apple was the first personal computer (it 
was not the first!); Apple launched a big campaign to make businessmen buy Apple 
PASCAL (even though Apple PASCAL was of no help to the average businessman 
whatsoever); Apple prohibited its dealers from displaying games (though Apple has 
since relented); and Apple still prohibits dealers from selling Apples via mail order. 

Apple Computer Inc. (as it's now called) donated free Apple computers to 
schools, for three reasons: to be nice, to get a tax write-off, and to lure schools into 
buying more Apples (to be compatible with the Apples that the schools received 
free). But if Apple rea//y wanted to be nice, it would lower the Apple's price or sell a 
stripped-down system that low-income consumers could afford. Apple isn't trying to 
Sell to the poor; instead, Apple's trying to sell to the "chic". 

Recently, Steve & Steve have both left Apple, to go their separate ways. Now 
Apple's run by John Sculley, a former vice-president of Pepsi. 
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COMMODORE 
Before Commodore made computers, Commodore made electronic pocket calculators. 
Each calculator contained a microprocessor (a one-chip CPU). The microprocessor 
was manufactured by a company called MOS Technology. 

But MOS Technology was in trouble, because of how that company had begun. In 

1974, the most popular microprocessors had been the "8080" (manufactured by Intel) 
and the "6800" (manufactured by Motorola). In 1975, Chuck Peddle, who helped 
invent the 6800, quit his job at Motorola and started a new company with his friends. 
That new company was MOS Technology. It began manufacturing a microprocessor 
called the "6501", which was so similar to Motorola's 6800 that Motorola threatened to 
sue. To try to prevent the lawsuit, MOS Technology stopped manufacturing the 
6501, and instead began manufacturing the "6502", which Chuck Peddle invented, 
and which acted differently enough from Motorola's 6800 to avoid offending Motorola. 
The 6502 chip became very popular; many companies paid MOS Technology to 
manufacture the 6502 chips. One of MOS Technology's biggest customers was 
Commodore, whose headquarters were in Canada then. 
Even though the 6502 chip was legal, Motorola decided to sue MOS Technology for 
its illegal predecessor, the 6501. In the courts, the case dragged on for two years 
and cost MOS Technology many thousands of dollars in lawyers' fees. Finally, in 
1977, Motorola won, to the tune of $200,000. 

That put MOS Technology into financial trouble, so it announced it wanted to be 
ret ate ab, some rich company that had lots of cash. Commodore (a rich company ) 

ought it. 

Shortly before that sale, Canada's tax laws changed—to Commodore's 
disadvantage. So Commodore moved its headquarters (in theory) to the Bahamas. 
Commodore's profits were then taxed by the Bahamas, where the tax rate is very 
low. 

So MOS Technology became part of "Commodore Limited", a Bahamas company. 
And that's how Commodore had suddenly found itself running a company that 
manufactures chips. Commodore had entered the computer business. 

Dealing with competitors. At MOS Technology, Chuck Peddle had sold a 6502 chip 
to Steve Wozniak for $25. Steve used the chip to create the Apple computer. Steve 
Wozniak and his friend Steve Jobs started selling the Apple computer and called 
themselves the Apple Computer Company. The Apple computer became quite popular 
in California. (Many years later, it would become the most popular microcomputer 
company in the world! ) 

Commodore saw that the Apple was cute and profitable in California, and offered 
to buy the company. Commodore almost succeeded. But when Commodore and Apple 
haggled over the price, they couldn't quite agree: Apple wanted $15,000 more than 
Commodore was willing to cough up. So Commodore didn't buy Apple (and has 
regretted it ever since). 

Then Commodore hired Chuck Peddle to design a "Commodore computer". 
Commodore hoped to sell the Commodore computer to Radio Shack, and let Radio 
Shack distribute the computer through Radio Shack's stores. Radio Shack said, 
"Yes, we like your idea. Finish designing your computer, and tell us more about it." 
Commodore finished designing its computer and showed it to Radio Shack. Radio 
Shack said "Thanks, we liked your idea of a low-cost computer so much that we've 
designed our own. Thanks for the idea." That's how Radio Shack got the idea of 
developing the TRS-80 computer! 

How Commodore launched its PET. Having unsuccessfully tried to buy Apple, and 
having unsuccessfully tried to make Radio Shack sell Commodore's computer, 
Commodore realized that the only way to sell computers was to go directly to the 
American public. So in 1977, Commodore publicly announced it was going to Sell its 
own computer. 

Commodore called its new computer the PET, because Commodore's head of 
marketing was the same guy who invented the Pet Rock. He figured, "If people are 
stupid enough to love a Pet Rock, they'll love a Pet Computer even more!" He was 
right: people fell in love with the idea of a Pet Computer and mailed lots of money to 
Commodore. 
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Commodore told the press that "PET" was an abbreviation for "Personal 
Electronic Transactor". But actually, Commodore invented the name "PET" first, 
and later concocted what "PET" could be an abbreviation for. 

Originally, Commodore said the PET would cost just $495. That price would 
include everything: the CPU, the RAM, the ROM, the keyboard, the monitor, and 
even the tape recorder. The ROM would have a good version of BASIC. The screen 
would display upper-case letters, lower-case letters, punctuation, mathematical 
symbols, and many weirder symbols also (such as hearts, diamonds, clubs, spades, 
curves, circles, and rectangles). 

That frightened the other manufacturers of personal computers. Commodore's 
price was far lower than everybody else's. Commodore's computer offered far more 
features. And Commodore's wealth insured that Commodore could spend far more on 
advertising, marketing, and promotion than all the other manufacturers combined. 

Many personal-computing magazines praised the PET and heralded it as "the 
birth of a new generation" in personal computers. Chuck Peddle, the guy who 
designed the PET, was treated to many interviews. 

Commodore raised its price from $495 to $595 before taking orders. To order the 
PET, the customer had to send the $595 in full, plus shipping charges, and then wait 
for Commodore to deliver. 

Many people mailed Commodore the money and waited . . . and waited... and 
waited. Commodore didn't ship. People got impatient. 

Computer stores got annoyed. The stores had advertised that they'd be selling 
Commodore's PET, and had received many orders from customers, but Commodore 
wasn't yet delivering to the stores. Customers complained to the stores, and the 
stores couldn't do anything to solve the problem. 

While all that was going on, Radio Shack entered the market with its TRS-80 
model 1, which was priced originally at $599—about the same price as Commodore's 
PET. Moreover, Radio Shack had better policies. To order, you had to give Radio 
Shack just a 10% deposit (Commodore required prepayment in ful/); Radio Shack 
didn't charge for shipping (Commodore did); Radio Shack set up repair centers 
throughout the country (Commodore's only repair center was in California); Radio 
Shack delivered computers to customers quickly (Commodore still wasn't 
delivering! ). 

Finally, Commodore made an announcement about delivery: Commodore 
announced that the $595 PET would not be delivered in the near future! Instead, 
Commodore would deliver a $795 version, which would include 4K of extra RAM. Soif 
you already sent $595 to Commodore and wanted a computer soon, you'd have to send 
an extra $200. 

That was a rip-off. 4K of extra RAM is not worth an extra $200; it's worth much 
less. But customers were so desperate that they sent the $200 anyway. 

Radio Shack shipped its computers on a first-come first-served basis. Commodore 
didn't: Commodore gave preferential treatment to its "friends". If you ordered a 
computer from Radio Shack, you could predict when it would arrive: Radio Shack 
would give you an accurate estimate. If you ordered a computer from Commodore, 
you hadn't the faintest idea of when it would arrive, because you didn't know how 
many "friends" were on Commodore's list. 

When you ordered a computer from Radio Shack, you received a 232-page 
well-written easy-to-read cheery manual, written by David Lien and attractively 
bound. When you ordered a computer from Commodore, you received just 10 loose 
pages, which were tough to understand and were incomplete. 

Commodore announced a low-cost printer; then Commodore changed its mind, and 
decided to sell only a more expensive printer instead. Commodore announced a 
low-cost disk drive; then Commodore changed its mind, and decided to sell only a 
more expensive unit instead, which contains two disk drives. Those misleading 
announcements made the public's confidence in Commodore dip even further. 

That's how Commodore entered the personal computer market. And that's why the 
PET (which people thought would be the best-selling computer) managed to drop in 
popularity, below Radio Shack, and below even Apple. 
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As Commodore's fortunes dipped, Chuck Peddle and his friends quit, and were 
hired by Apple. But at Apple, they were treated as second-class citizens, so they 
returned to Commodore. 

The problem with RAM. Commodore came out with several versions of the PET. 
Each version contained a different quantity of RAM. 

If you bought a version that contained little RAM and later wanted to increase the 
RAM, Commodore refused to install extra RAM. Instead, Commodore insisted that 
you buy a whole new PET. 

Some of Commodore's customers, who couldn't afford a new PET, bought extra 
RAM chips from electronics supply houses and installed the RAM chips themselves. 

Commodore disliked that tinkering, and decided to stop those tinkerers. So 
Commodore cut a hole in the PC board, exactly where the extra RAM chips would go, 
so that you couldn't insert the extra RAM chips. 

That nasty hole angered Commodore's customers, especially since it cost 
Commodore almost as much money to cut the hole as it would have cost to insert the 
extra RAM chips! 

The problem with tape. Commodore changed the PET slightly, so that it handled 
tapes differently. The new PET tape system was incompatible with the old PET tape 
System: tapes created for the old PET wouldn't work on the new PET. Commodore 
neglected to tell its customers about the change. Moreover, the new PET looked 
exactly like the old PET; it didn't contain any kind of label saying "new". So all of 
Commodore's customers got confused. Customers who wrote programs for their old 
PETs and then bought additional PETs discovered that their programs wouldn't work 
on the new PETs. They thought their new PETs were broken. 

Many companies had been selling computer programs for the PET on tape. When 
Commodore changed the tape system without telling those companies, the companies 
started receiving angry letters from customers who had bought the tapes, found the 
tapes didn't work on their new PETs, and accused the companies of selling junk 
tapes that didn't work. The customers thought the companies were rip-off artists; 
the companies thought their customers were lying; and it took a long time for 
everybody to realize that the real culprit was Commodore, who had changed the PET 
without telling anybody. 

When the companies discovered that Commodore had changed the PET and also 
discovered that there was no label to distinguish the new PETs from the old PETs, 
the companies realized they'd have to give two copies of each program to each 
customer, so that the customer could try both versions to determine which PET the 
customer had. At that point, many companies gave up trying to sell PET tapes. They 
sold tapes for Apple and Radio Shack computers instead. That's why there's more 
software for Apple and Radio Shack than for Commodore. 

VIC. Commodore's share of the computer market was slowly sinking. But in 1980, 
an event occurred that totally changed Commodore's fortunes. 

In April 1980, Commodore's founder (Jack Tramiel) told his top executives that 
he wanted Commodore to produce a computer for under $300—because if Commodore 
didn't, the Japanese would. Moreover, he wanted the computer to use color. At that 
time, the only computer for less than $300 was Sinclair's ZX-80, but it was 
black-and-white and crummy. 

MOS Technology (which was owned by Commodore) had already invented a Video 
Interface Chip (VIC); that single chip could handle the entire process of sending 
information from the computer to the TV screen. Because that chip had already been 
invented and was so cheap, Commodore decided to use it in the under-$300 
computer. 

Unfortunately, the chip put only 22 characters per line on the screen. (By 
contrast, the PET had 40 characters per line, and most computers today have 80 
characters per line.) So the under-$300 computer would have only 22 characters per 
line. 

Commodore wanted to call the new computer the "Vixen" (which is a female fox). 
But a "Vixen" computer wouldn't sell well in Germany, because it sounds like a 
certain German obscene word. So Commodore decided to call the computer the "VIC", 
to honor of the Video Interface Chip inside it. (Commodore didn't realize that in 
German, "VIC" sounds even more obscene than "Vixen"! ) 
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Commodore began shipping the VIC-20 in 1981. The price was originally $299.95 
but gradually dropped, so that stores eventually sold the VIC-20 for about $55. 

To push the VIC-20, Commodore tried three different kinds of ads. The first 
kind featured TV star William Shatner (who played Captain Kirk in Star Trek); the 
ad emphasized how the VIC-20 was wonderful, amazing, out of this world, fun, 
exciting. But then people started thinking of the VIC-20 as just a sci-fi toy. To 
combat the "toy" image, Commodore changed to a second kind of ad, which said that 
the VIC-20 was the same price as a video-game machine and yet was much more 
educational for your kids. When Texas Instruments began making similar claims, 
Commodore changed to its third kind of ad, which emphasized that Commodore's disk 
drives, printers, and telephone hookups cost much less than Texas Instruments'. 

By using those three kinds of ads, Commodore sold more than a million V1C- 20's. 

Commodore 64. In 1982, Commodore began selling an improvement of the VIC-20. 
The improved version is called the Commodore 64, because it includes 64K of RAM. 
(The original VIC-20 had just 5K.) The Commodore 64 also includes 20K of ROM. 
(The original VIC-20 had just 16K.) The Commodore 64 displays 40 characters per 
line. (The original VIC-20 displayed just 22 characters per line.) 

The Commodore 64 costs more than the VIC-20. The price of the Commodore 64 
has gone through three phases... . 

In the first phase, the recommended list price was $595, and Commodore tried to 
force all its dealers to charge that price in full. If a dealer advertised a discount, 
Commodore stopped shipping computers to that dealer. (That practice, which is 
called price fixing, is illegal. But in the computer field, nobody cares about laws.) 

In the second phase, Commodore permitted discounts—-many dealers charged just 
$350—and Commodore also mailed a $100 cash rebate to anybody who traded in 
another computer or a video-game machine, even if that computer or game was worth 
less than $100. For example, many people bought the Timex Sinclair 1000, just for 
the purpose of trading it in to buy a Commodore 64. In New York City, a Commodore 
dealer called "Crazy Eddy" sold junky video-game machines for $10, just so that his 
customers could mail them to Commodore to get the $100 rebate. That unusual rebate 
policy earned Commodore lots of attention—which is what Commodore wanted! 
Commodore donated most of the traded-in computers and games to charities for a 
huge tax write-off, but kept some of the wedge-shaped Timex Sinclair 1000's for use 
as doorstops. 

Now Commodore's in its third phase. The $100 cash rebate has been discontinued, 
but has been replaced by a lower over-the-counter price. Today, the Commodore 64 
costs just $148 from discount dealers. 


TANDY 
The Tandy Leather Company was begun by Charles Tandy. Later, he acquired Radio 
Shack, which had been a Boston-based chain of discount electronics stores. 

Under his leadership from his Fort Worth headquarters, Tandy/Radio Shack 
succeeded and grew 30% per year, helped by the CB radio craze that was sweeping 
the country. When the market for CB radios declined, he began looking for a new 
product to sell, to continue his 30% growth. 

Commodore was inventing a computer and tried to convince Tandy's staff to sell 
it. Don French, a Tandy salesman whose hobby was building computers, 
recommended to Charles Tandy that Radio Shack start selling computers. Instead of 
buying computers from Commodore, Radio Shack hired Steve Leininger to design a 
Radio Shack computer and to keep the cost as low as possible. 

Steve wanted his computer to be able to handle lower-case letters, but because 
interfacing the lower-case chip would have added 10¢ to the cost, management 
rejected lower-case: so Radio Shack's computer handled only capitals. (In those 
days, lower-case letters weren't considered important. Later, when customers began 
demanding lower-case letters, Radio Shack regretted not having spent the extra 
dime. Customers were spending $50 to rip open the Radio Shack and rearrange the 
chips to get lower-case.) 

The monitor was a modified black-and-white TV, built for Radio Shack by RCA. 

RCA told Radio Shack that the standard color for the TV's case was "Mercedes 
silver", and any other color would cost extra. Radio Shack accepted Mercedes silver 
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and painted the rest of the computer to match the TV. When you get your hands on a 
Radio Shack computer, you're supposed to feel as if you're driving a Mercedes. But 
Since, at first glance, Mercedes silver looks like gray, Radio Shack became 
nicknamed "the great gray monster". Californians preferred Apples, whose beige 
better matched their living-room decors. (Later, in 1982, Radio Shack wised up, and 
Switched from "Mercedes silver" to white.) 

Radio Shack's original computer listed for just $599 and consisted of four boxes: 


a keyboard (inside of which hid the CPU, ROM, and RAM) 
a monitor (built for Radio Shack by RCA) 

a cheap Radio Shack tape recorder 

an AC/DC transformer 


Wires ran from those boxes to each other, so that the whole system looked like an 
octopus. 

Radio Shack wanted to put the AC/DC transformer inside the keyboard, so that 
the computer system would consist of three boxes instead of four. But if the AC/DC 
transformer had been inside the keyboard, Underwriters Laboratories would have 
delayed approval for 6 months, and Radio Shack didn't want to wait that long. 

Radio Shack named its computer the TRS-80, because it was by Tandy's Radio 
Shack and contained a Z-80 CPU. 

To officially announce its new computer, Radio Shack called a meeting of the 
press. The meeting was to take place on a Monday morning in August 1977, on the 
front steps of the New York Stock Exchange. On Monday morning, sure enough, 
Radio Shack's management was standing on the steps, surrounded by reporters. 
Then suddenly, a reporter ran up to the group and yelled out that a bomb had gone 
off, two blocks away. The reporters all ran away to cover the story. And Radio 
Shack wasn't able to announce its new computer! 

Radio Shack needed to quickly find a new place to announce its computer. Radio 
Shack heard that the Boston Computer Society was going to run a computer show 
that week—Wednesday through Friday. So Radio Shack's management drove up to 
Boston, got a booth at the show, and announced its computer there. Imagine Radio 
Shack's surprise, when the management discovered that the entire show and the 
entire Boston Computer Society was run by Jonathan Rotenberg, who was just 14 
years old! 

The introduction was successful: people liked and bought Radio Shack's new 
computer. The base price was just $599. For a complete business system (including 
two disk drives and a printer), Radio Shack charged $2600, whereas Radio Shack's 
competitors charged $4600 or more. 

Problems with DOS. Radio Shack hired Randy Cook to write the DOS. My friend 
Dick Miller was one of the first people to try it. He noticed that DOS version 1.0 
didn't work; it didn't even boot! He notified Radio Shack, which notified Randy 
Cook, who then fixed that problem and wrote version 1.1. Dick noticed that it 
worked better but still had one major flaw: it didn't tell you how much disk space was 
left and—even worse—as soon as the disk was entirely filled it would self-destruct! 

Then came version 1.2, which worked better, though still not perfectly. 

Because Radio Shack's DOS was still buggy, the inventors of Visicale decided to 
put Visicale onto the Apple instead of onto the TRS-80. Apple became known as "the 
Visicale machine", and many accountants began buying Apples instead of TRS- 80's. 

Meanwhile, an independent Colorado company named Apparat was inventing its 
own improvements to Radio Shack's DOS. Apparat showed its improvements to Dick, 
who liked them and recommended that they be called "NEWDOS". That's how NEWDOS 
was born. Many of Radio Shack's customers bought NEWDOS and formed NEWDOS 
colonies. 

Dealing with the public. In 1977, when Radio Shack began selling the TRS-80, 
customers didn't understand what computers were. 

For example, at a Radio Shack show, I saw a police chief buy a TRS-80. As he 
carried it out of the room, he called back over his shoulder, "By the way, how do 
you program it?" He expected a one-sentence answer. 

' Radio Shack provided a toll-free 800 number for customers to call, in case they 
had any questions. Many customers called because they were confused. For 
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example, many customers had this gripe: "I put my mouth next to the tape recorder, 
and yelled TWO PLUS TWO, but it didn't say FOUR!" 

Radio Shack's first version of BASIC provided only three error messages: WHAT 
(which means "I don't know what you're talking about") , HOW (which means "I don't 
know how to handle a number that large") and OM (which means "I'm out of 
memory"). Those error messages confused beginners. 

The following conversation actually occurred, between a Radio Shack customer 
(with a slow Texas drawl) and a Radio Shack technician who answered the 800 
number (Chris Daly)... . 

Chris: "What's your problem?" 

Customer: "Well, I plugged in the video, and then I plugged in the tape 
recorder, and thenI..." 

Chris: "Yes, sir, but what's the problem?" 

Customer: "It doesn't work." 

Chris: "How do you Know it doesn't work?" 

Customer: "It says READY." 

Chris: "What's wrong with that? It's supposed to say READY." 

Customer: "It isn't ready." 

Chris: "How do you Know it isn't ready?" 

Customer: "Well, I asked it WHERE'S MY WIFE MARTHA, and it just said WHAT." 


ATARI 
In 1972, the world's first popular video game was invented. It was called "Pong". It 
played ping-pong. To play it, you had toinsert quarters. "Pong" was invented by a 
California guy named Nolan Bushnell. To market the game, he founded a company 
and called it "Atari Incorporated", because "Atari" is a Japanese war cry that means 
"beware!" 

After "Pong", Atari's next successful arcade game was "Asteroids". Then came 
dozens of others. To play all those games, you had to insert quarters; the games 
were placed in arcades (and in your neighborhood bar). 

In 1975, Atari invented a machine that played Pong on your home's TV. 

In 1976, Warner Communications Inc. bought Atari; and so Atari became a 
wholly-owned subsidiary of Warner. Warner was a gigantic company: it owned 
Warner Brother movies and cartoons and television, Warner Cable TV, DC Comics, 
Superman, Mad Magazine, Lauren perfumes, Atlantic records, Elektra/Asylum 
Records, Knickerbocker Toy, and many other subsidiaries also! 

After becoming part of Warner, in 1977 Atari invented the Video Computer System 
(VCS), which is a machine that plays a wide variety of games on your home TV. Each 
game comes as a ROM cartridge. Later, companies, such as Mattel and Coleco 
invented machines that were similar but fancier. 

In 1979, Atari began selling complete personal computers. Atari's first two 
computers were the Atari 400 (which was cheap) and the Atari 800 (which had a nicer 
keyboard). They were far ahead of their time. Of all the microcomputers being sold, 
Atari's had the best graphics, the best music, and the best way of editing programs. 
(Compared to the Atari, the Apple looked pitiful! ) Yet Atari's prices were /ower than 
Atari's competitors (such as Apple). 

But Atari made two mistakes... . 

The first mistake was that Atari didn't hire Bill Gates to write its version of 
BASIC; instead, it hired the same jerk who invented Apple's DOS. Like Apple's 
DOS, Atari's BASIC looks simple but can't handle serious business problems. 

The second mistake was that Atari believed that personal computers would be 
used mainly for games. Atari didn't realize that personal computers would be used 
mainly for business. As a result, Atari sunk lots of effort into developing 
spectacular games, but didn't sink enough effort into developing software and 
hardware for word processing, accounting, and filing. 

Atari lost so much money that Warner sold it to Jack Tramiel. He bought the whole 
company at 4PM one afternoon, by using his Visa card. 

Jack turned the company around, so that Atari became successful again. His team 
developed the Atari ST, which sold well but now is having trouble competing against 
lowered prices of IBM clones and the Amiga. 
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CYCLES 


PIVOTAL YEARS 
Every 8 years, the country's mood about computers changes. After 8 years of 
dramatic revolution, we switch to 8 years of subtle evolution, then back again. 

The pivotal years were 1943 (beginning the first revolution), 1951 (beginning the 
first period of evolution), 1959 (revolution), 1967 (evolution), 1975 (revolution), 
and 1983 (evolution). The next computer revolution should therefore begin in 1991. 
Here are the details. ... 

Revolution. From 1943 to 1950, researchers at universities were building the first 
true computers, which were big monsters. Each was custom-built: no two were alike. 

Evolution. In 1951, Sperry began selling the first mass-produced computer: the 
Univac |. Sperry built 46 of them. The 8-year era from 1951 to 1958 showed a gradual 
evolution, as computers became smaller and cheaper and acquired more software. 
That evolutionary era was called the first generation. 

Revolution. The next computer revolution began in 1959, when IBM began selling 
the /BM 1407, the first IBM computer to use transistors instead of vacuum tubes. 
During that eight-year revolution from 1959 to 1966, computerists polished 
FORTRAN and ALGOL (which had been begun earlier), invented 9 other major 
computer languages (COBOL, BASIC, PL/I, LISP, SNOBOL, APL, DYNAMO, GPSS, 
and RPG), and began developing FORTH and SPSS. They created many amazing 
programs for artificial intelligence, such as Weizenbaum's Eliza program, which made 
the computer imitate a therapist. During that same eight-year period, IBM invented 
the /BM 360: it was the first popular computer that used integrated circuits, and all 
of IBM's modern mainframes are based on it. 

Evolution. The years from 1967 to 1974 showed a gradual evolution. Computer 
prices continued to drop and quality continued to improve. DEC began selling 
PDP-10 and PDP-11 computers, which became the favorite computers among 
researchers in universities. 

Revolution. In 1975, Mits shipped the first popular microcomputer, the Altair, 
which launched the personal computer revolution. Soon Apple, Commodore, Tandy, 
and IBM began selling microcomputers also. Programmers developed lots of useful, 
fun software for them. The revolution climaxed at the end of 1982, when many 
Americans bought microcomputers as Christmas presents. 

Evolution. In January 1983, the cover of Time magazine declared that the 1982 
"man of the year" was the personal computer. But consumers quickly tired of the 
personal-computer fad, chucked their Commodore VIC-20 and Timex Sinclair 
computers into the closet, and shifted attention to less intellectual pursuits. Many 
computer companies went bankrupt. In 1983, Lotus announced 7-2-3, but that was 
the last major successful new product. Since then, prices have continued to fall and 
quality has gradually increased, but no dramatic breakthroughs have occurred. 
We're definitely in an era of uninspired evolution. 

Revolution. I expect the next revolution, in 1991, will give us wild cheap thrills 
by linking computers to VCR's, video cameras, and easier-to-use synthesizers. Wait 
and see! 


PRESIDENTIAL POLITICS 
The 8-year computer cycle coincides with the American cycle of switching political 
parties. After years of Roosevelt & Truman, the presidential election of 1952 ushered 
in eight years of a Republican (Eisenhower); 1960 brought eight years of Democrats 
(Kennedy & Johnson); 1968, eight years of Republicans (Nixon & Ford). 

1976 begat a 'crat (Carter) who broke the pitiable pattern of 8-year cycles. He 
lasted just 4 years. 

When Americans love liberals and revolution, they vote for Democrats; when 
Americans prefer a more conservative evolution, they vote for Republicans. As 
historical analyst Krigsman so neatly codifies it, "An excitable mood in the country 
causes a computer revolution, and the next year the Democrats take power." 
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YOUR BARBER 


HOW TO BECOME AN EXPERT 
To become a computer expert, you need three things. 

1. A computer to practice on. If possible, buy an IBM PC or clone. If you can't 
afford a full system, start by practicing DOS and BASIC ona one-floppy IBM PC 
clone with 256K of RAM and a monochrome monitor. Mail-order discount dealers sell 
that combination for about $450. By saving your money you can later add more RAM, 
a second disk drive, printer, and applications software. 

If you can't afford even $450, buy a $379 Laser 128 (which imitates an Apple 2c) 
and attach it to your home's TV. If you need to start even cheaper, get a cheap 
diskless computer (such as a Radio Shack Color Computer 2 or Commodore 64 or Atari 
65XE) for about $100. For discounts on Radio Shack computers, call Computer Plus 
in Massachusetts (617-486-3193, out-of-state 800-343-8124). For discounts on 
Commodore and Atari computers, call Harmony in New York (718-627-1000, 
out-of-state 800-441-1144). 

To pay even less, ask your computer friends whether they want to get rid of any 
"used junky obsolete computers" for about $50, or ask them whether they can lend 
you a computer for a weekend. Swap: if they lend you an Apple for a weekend, bake 
them an apple pie. 

Another way to save money is to join your friends for a group purchase. For 
example, if 9 of you each chip in $10, the 9 of you can buy a $90 computer. Divide the 
9 of you into 3 trios, and rotate the computer from trio to trio every day, so that you 
get to use the computer every third day. 

2. Literature to read. Begin by reading all three volumes of The Secret Guide to 
Computers. Then read the manuals that came with your computer. Find out what's 
new by subscribing to computer magazines or reading them in your town's library. 

Get computer books and magazines from the bookstore at your local college. You 
can also try your local branch of Waldenbooks and B. Dalton Bookseller, which are 
nationwide chains. In the Boston area, Wordsworth and Staples offer discounts. Big 
stores specializing in computer and technical books are Computer Literacy 
Bookshops (San Jose, CA 408-592-5775), Opamp Bookstore (Los Angeles, CA 
213-464-4322), Micro Center (Columbus, OH in-state 800-523-4438, out-of-state 
800-331-0226), McGraw-Hill Bookstore (New York, NY 212-997-1221), and Quantum 
Books (Cambridge, MA 617-494-5042). . 

3. People to chat with. When you have a computer question, phone me at 
617-666-2666. Another way to get help is to join a computer club. 

The biggest and best computer club is the Boston Computer Society, which has 
over 20,000 members, holds over 1,000 meetings per year, and publishes dozens of 
magazines and newsletters. For free literature about the $35/year membership, 
phone 617-367-8080. 

If you live near New York, use a touch-tone phone to call NY PC at 
212-533-NYPC. You'll be talking to a computer using voice mail. The voices will 
guide you through verbal menus; you'll have lots of fun! The voices will also invite 
you to become a member for $20/year and to call Hy Bender at 212-829-5534 for 
further details. 

Many other computer clubs cover the country. For example, in Connecticut try 
the Connecticut Computer Society at 203-233-4141. Ask your local computer store or 
high-school computer department about computer clubs in your home town; if there 
aren't any, start one yourself! 

If you take a computer course, get personal help by chatting with your teacher 
and classmates. To save money, sign up for the cheap courses given by your high 
school's "adult education" evening program and by your local community college. 

I drive around New England and the Middle Atlantic States in a van containing my 
40 computers and give courses inexpensively or for free. Heads of the computer 
industry got their training from my courses. To join us, use the coupon on the back 
page. 
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HOW TO GET A JOB 
To become a lawyer, you must graduate from law school and pass the Bar Exam. But 
becoming a computer expert is different: there's no particular program you must 
eraduate from, and there's no particular exam you must pass. There's no particular 
piece of paper that "proves" you're an expert or even competent. 

You can get a job in the computer industry even if you've never had any 
training. Your job will be sweeping the floor. 

To become a top computer expert, you must study hard, day and night. Read lots 
of computer manuals, textbooks, guidebooks, magazines, newspapers, and 
newsletters. Practice using many kinds of computers, operating systems, 
languages, word-processing programs, spreadsheets, data-management systems, 
graphics packages, and telecommunications programs. Also explore the many 
educational programs for kids. Use many kinds of printers, disk drives, and 
modems. Study the human problems of dealing with computers. No matter how much 
you already know, learn more! 

When I surveyed computer experts, I found that the average expert spends two 
hours per day reading more about computers, just to patch holes in the expert's 
background and find out what happened in the computer industry that day! In 
addition to those two hours, the expert spends many more hours practicing what was 
read and swapping ideas by chatting with other computerists. 

As a computer expert, you can choose your own hours, but they must be 
numerous: if your interest in computers lasts just from 9 AM to 5 PM, you'll never 
become a computer expert. 

To break into the computer field, you can use five methods. .. . 

1. The most traditional method is to go to college and get a Ph.D. or M.A. in 
computer science. Unfortunately, that takes a lot of time. 

2. A quicker route to success is to learn enough about microcomputers so that 
you can get a job in a store that sells them. As a salesperson, you'll be helping 
people decide which hardware and software to buy; you'll be acting as a consultant. 
The store will probably give you permission to take hardware and software and 
literature home with you, so that you can study and practice new computer 
techniques every evening and become brilliant. If you wish, you can even do some 
moonlighting, by helping your customers use the software they bought and 
designing your own customized programs for them. After working at the store for 
several months, you'll have good enough knowledge, experience, reputation, and 
contacts so that you can set yourself up as an independent consultant. You can call 
up your former customers and become their advisor, trainer, and programmer—or if 
you prefer, set up your own store. 

3. A third way to break into the field is to take a non-computer job but gradually 
turn it into a job having computer responsibilities. For example, if you're a math 
teacher, ask the principal to let you teach a computer course or help run the school's 
computer club. If you're a typist, urge your boss to let you use a word processor. If 
you're a clerk, ask permission to use spreadsheet and data-management programs to 
help manage your work more quickly. Keep your current job but expand it to include 
new skills, so you gradually become a computer expert. 

4. The most entrepreneurial way to break into the field is to keep your current 
job but spend your evenings at home writing computer programs, which you then try 
to sell to software publishers and to friends. 

5. The remaining way to break into the field is to get a job in a computer 
company, as a janitor or clerk, and gradually move up, by using the company's 
policy of giving a little free training to employees. 

Many companies phone me when they're looking for computer experts. If you 
think you're an expert and can demonstrate your expertise, I'll be glad to pass your 
name to employers. 

Occasionally, I even have job openings here at The Secret Guide to Computers. 
Feel free to ask. Although some of the jobs here are mundane, a nice fringe benefit is 
that you get to play with my 40 computers and oodles of software packages, and even 
take them all home with you. You can also choose your own hours: work whenever 
you please! After you work here a few months and do your job well, I'll be glad to 
give you an excellent reference that will help you get an even nicer job elsewhere. 
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HOW MUCH TO CHARGE 

If somebody's interested in hiring you to be a programmer or consultant, you must 
decide how much to charge. If this is your first such job, I recommend that you 
charge very little, because your main purpose in your first job should not be money: 
instead, your main purpose should be to gain experience, enhance your reputation, 
and find somebody you can use as a reference and who can give you a good 
recommendation. You want to convince your first employer that you're the best 
bargain he ever got, so that he'll be wildly enthusiastic about you and give you a 
totally glowing recommendation when you go to seek your second job. 

If you can't find anyone who's willing to pay you, work for free, just so that you 
can put on your resume that you "helped computerize a company". After such an 
experience, you should have no trouble finding a second job that pays better. 

Although your first computer job might pay little or nothing, it gets your foot in 
the computer industry's door. After your first job, your salary will rise rapidly, 
because the most valuable attribute you can have in this field is experience. 

Experienced experts are in short supply and are therefore paid astronomical 
salaries. On the other hand, there's a surplus of "kids fresh out of college" who 
know nothing. So consider your first job to be an extremely valuable way to gain 
experience, even if the initial salary is low. When applying for your first job, 
remember that you're still unproven, and you should be thankful that your first 
employer is willing to take a risk on you. 

After several months on the job, when you've thoroughly proved that you're 
worth much more than you're being paid, and your employer is thoroughly thrilled 
with your performance, gently ask your employer for a slight raise. If he declines, 
continue working at that job, but also keep your eye open for a better alternative. 

A fundamental rule of contract negotiation is: never make a large commitment. 
For example, suppose somebody offers to pay you $10,000 if you write a fancy 
program. Don't accept the offer; the commitment is too large. Instead, request 
$1,000 for writing a stripped-down version of the program. After writing the 
stripped-down version, wait and see whether you get the $1,000; if you get it 
without any hassles, then agree to make the version slightly fancier, for a few 
thousand dollars more. That way, if you have an argument with your employer 
(which is common), you've lost only $1,000 of effort instead of $10,000. 

Arguments between programmers and employers are common, for _ six 
reasonsy ssi 

1. As a programmer, you'll probably make the mistake of underestimating the time 
for debugging the program, because you'll tend to be too optimistic about your own 
abilities. 

2. Your employer won't be precise enough when he tells you what kind of program 
to write. You'll write a program that you think satisfies the employer's request and 
then discover that the employer really wanted something slightly different. 

3. Your employer will forget to tell you about the various "strange cases" that the 
company must handle, and which will require extra "IF" statements in your program. 

4. When your employer finally sees your program working, he'll suddenly think 
of extra things he'd like the program to do, and which will require extra 
programming effort from you. 

9. When the program finally does everything that the employer expects, he'll 
want you to train his staff in how to use the program and the computer. If his staff 
has never dealt with computers before, the training period could be quite lengthy. 
He'll also want you to write a manual about the program, and to put the manual into 
the company's library. 

6. After the company begins using the program, the employer will want you to 
make additional changes, and might even expect you to make them at no charge. 

To minimize those six kinds of conflicts, be honest and kind to your employer. 
Explain to him that you're worried about those six kinds of conflicts, and that you'd 
like to chat about them now, before either you or he makes any commitments. Then 
make a small commitment for a small amount of payment for a small amount of time, and 
make sure that both you and the employer are happy with the way that small] 
commitment worked out, before attempting any larger commitments. 
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I90B TRICKS 


PROGRAMMER 
A programmer is a teacher: the programmer teaches the computer new tricks. For 
example, the programmer might teach the computer how to do the payroll. To do that, 
the programmer feeds the computer a list of instructions, that explain to the computer 
how to do the payroll. The list of instructions is called a program. 


Languages 
The program is written by using the very limited vocabulary that the computer 
understands already. In volumes 1 and 2, I explained a vocabulary called BASIC, 
which consists of words such as PRINT, INPUT, GO TO, IF, THEN, and STOP. 
That vocabulary— BASIC— is called a computer language. It's a small part of English. 
No computer understands the whole English language. The programmer's job is to 
translate an English sentence (such as "do the payroll") into language the computer 
understands (such as BASIC). So the programmer is a translator. 

Some computers understand BASIC. Other computers understand a different 
vocabulary, called COBOL. For example, COBOL uses the words DISPLAY and WRITE 
instead of PRINT. 

Before programming a computer, you must find out which language the computer 
understands. Does it understand BASIC? Or does it understand COBOL instead? Or 
does it understand a yet different language? The most popular languages are BASIC, 
COBOL, FORTRAN, and PASCAL; but there are also thousands of others. Your 
computer understands at least one of those languages; if you're lucky, your computer 
understands severa/ of those languages. 

When you apply for a programming job, the first question to ask the interviewer is: 
which languages does the company's computer understand? Or better yet, ask, "Which 
language do you want me to program in?" The interviewer will say "BASIC" or "COBOL" 
or some similar answer and then ask you, "Do you know that language?" 

Most microcomputers use BASIC, DBASE, or C. Most minicomputers use BASIC, 
FORTRAN, COBOL, or C. Most maxicomputers use FORTRAN or COBOL. For all 
three sizes, PASCAL is another alternative. 

Of those popular languages, BASIC is the easiest and the most fun. To become 
a programmer, begin by studying BASIC, then move on to the other languages, 
which are yukkier. 

Since BASIC's so easy, saying you know BASIC is less prestigious than saying 
you know languages such as C. To get lots of prestige, learn many languages. 

Even if the job you're applying for requires just one language, you should say that 
you know many languages well, to convince the interviewer you're brilliant. 

The most prestigious languages to know are assembly language and machine 
language, because they're the hardest. If you can convince the interviewer that 
you know assembly language and machine language, the interviewer will assume 
you're God and offer you a very high salary, even if the job doesn't require a 
knowledge of those languages. 


Specific computers 
Before going to the interview, learn about the specific computer the company uses. 
For example, if the company's computer is an IBM maxicomputer, study the IBM maxi's 
details. Study its operating system and its languages. If the job requires COBOL, 
study the particular dialect of COBOL used on the IBM maxi. Each computer has its 
own dialect of COBOL, its own dialect of BASIC, etc. Usually, the differences between 
dialects are small, but you must know them. For assembly language and machine 
language, the differences between dialects are much greater: the assembly language 
on an IBM:PC is almost entirely different from the assembly language on an IBM maxi. 
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Analysis versus coding ‘ 
The act of programming consists of two stages. The first stage is to analyze the 
problem, to make the problem more specific. For example, suppose the problem is, 
"Program the computer to do the payroll". The first stage is to decide exactly how 
the company wants the payroll to be done. Should it be done weekly, bi-weekly, 
semi-monthly, or monthly? Should the records be stored on disks, or on tapes instead? 
(Disks are nicer, but more expensive.) While computing the payroll checks, what other 
reports do you want the computer to generate? For example, do you want the computer 
to also print a report about the employees' attendance, and about how much money each 
department of the company is spending on salaries? Maybe one of the departments is 
over-budgeting. And what kind of paychecks do you want the computer to refuse to 
print? For example, if somebody in the company tries to make the computer print a 
paycheck for a ridiculous amount (such as $1,000,000 or 3¢), you want the computer 
to refuse (and perhaps signal an alarm). 

That stage— analyzing a vague problem (such as "do the payroll") to make it more 
specific— is called analysis. A person who analyzes is called an analyst or, more 
prestigiously, a systems analyst. After analyzing the vague problem and transforming 
it into a series of smaller, more specific tasks, the analyst turns the problem over to 
a team of coders. Each coder takes one of the tasks and translates it into BASIC or 
COBOL or some other language. 

If you're hired to be a "programmer", your first assignment will probably be as a 
coder. After you gain experience, you'll be promoted to a systems analyst. 

The ideal systems analyst knows how to analyze a problem but also has had prior 
experience as a coder. A systems analyst who knows how to both code and analyze 
is called a programmer /analyst. An analyst who doesn't know how to code— who 
doesn't know BASIC or COBOL— who merely knows how to break a big problem into 
a series of little ones— is paid less. 


Three kinds of programming 
Programming falls into three categories: development, testing, and maintenance. 
Development means inventing a new program. Testing means making sure the program 
works. Maintenance means making minor improvements to programs that were written 
long ago. (The "improvements" consist of eliminating errors that were discovered 
recently, or making the program conform to changed government regulations, or adding 
extra features so that the program produces extra reports or handles extra-special 
cases.) Development is more exciting than testing, which is more exciting than 
maintenance. So if you're a new programmer, the other programmers will probably 
"stick you" in the maintenance department. You'll be part of the maintenance crew. 
Since your job will consist of "cleaning up" old programs, cruel programmers will 
call you a "computer janitor". 


“Application program" versus a "systems program" 
Programs fall into two categories. The usual kind of program is called an application 
program; it handles a specific application (such as "payroll" or "chess" or "send rocket 
to moon"). The other kind of program is called a systems program; its only purpose 
is to help programmers write applications programs. 

For example, hidden inside the computer is a program that makes the computer 
understand BASIC; that program explains to the computer what the words PRINT, 
INPUT, GO TO, IF, THEN, and STOP mean. That program (which is called the 
BASIC language processor) is an example of a systems program. 

Another systems program is called the operating system. It tells the computer how 
to control the disks and printer and terminals. If the operating system is fancy, it 
even tells the computer how to handle many programmers at once. 

Another systems program, found on large computers, is the editor. It lets you edit 
programs written in languages such as COBOL and FORTRAN. 

So systems programs are tools, which help programmers write application programs. 


When you buy a computer, buy some Systems programs, so you can create applications 
programs easily. 
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A person who invents systems programs is called a systems programmer. To become 
a systems programmer, learn assembly language and machine language. 

Creating a systems program is very difficult; so a systems programmer usual gets 
paid more than an applications programmer. 

The word "systems" is prestigious: it's used in the phrase "systems analyst" and 
in "systems programmer". In some companies, if your boss wants to praise you, the 
boss will put the word "systems" in front of your title, even if your job has nothing 
to do with "systems". 


How to learn programming 
To be a good programmer, you need experience. You can't become a good programmer 
by just reading books and listening to lectures; you must get your hands on a computer 
and practice. 

If you take a computer course, the books and lectures are much less valuable than 
the experience of using the school's computer. Spend lots of time in the computer center. 
Think of the course as just an excuse to get permission to use the school's computer. 
The quality of the lecturer is less important than the quality of the school's computer 
center. The ideal computer center uses video terminals instead of punched cards; has 
a computer that can understand many languages; gives you unlimited use of the 
computer (no "extra charges"); is open 24 hours a day; has enough terminals so you 
don't have to wait in line for somebody else to finish; has a staff of "teaching assistants" 
who will answer your questions; has a rack full of easy-to-read manuals that explain how 
to use the computer; lets you borrow books and manuals, to take home with you; and 
has several kinds of computers, so that you get a broad range of experience. Before 
you enroll in a computer course, find out whether the school's computer center has those 
features. 

Many computer schools are unnecessarily expensive. To save money, take fewer 
courses, and buy more books and magazines instead. Better yet, buy a computer 
yourself and keep it in your home! You can buy a Radio Shack Color Computer for 
about $100; it's excellent for learning BASIC. Keep it a few months, learn all you can 
from it, then sell it to a friend for $60— so that using it has cost you just $40 and 
given you several months of education. That's a much better investment of your money 
than spending many hundreds of dollars for a computer course. 

Another cheap way to get an education is to phone your town's board of education, 
and ask whether the town offers any adult-education courses in computers. Some towns 
offer adult-education computer courses for under $100. 

For an even better deal, phone your town's board of education— or high school— 
and ask whether you can sit in the back of a high-school computer class. If you're an 
adult resident of the town, you might be able to sit in the back of the class for free. 
Your only "expense" will be the embarrassment of sitting in the same room as youngsters. 
After a day or two of feeling strange, you'll get used to it, and you'll get an excellent 
education, free. 

Community colleges offer low-cost courses that are decent. Explore the community 
colleges before sinking money into more expensive institutions that are over-priced. 


: Starting salary 
For your first programming job, your salary will be somewhere between $15,000 and 
$25,000. The exact amount depends on which languages you know, how many programs 
you wrote previously, whether you have a college degree, whether you've had 
experience on the particular kind of computer the company uses, and whether you 
know the application area. (For example, if you're a programmer for an insurance 
company, it's helpful to know something about insurance. ) 
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Degrees 
A college degree is not essential, but helpful. Try to get a degree in "computer science” 
or "management information systems". "Computer science" emphasizes the underlying 
theory, systems programming, assembly language, PASCAL, FORTRAN, C, and 
applications to science; "management information systems" emphasizes BASIC, COBOL, 
DBASE, and applications to business. A major in "mathematics" that emphasizes 
computers is also acceptable. 


Discrimination 
If you're a woman or non-white or physically handicapped, you'll be pleased to know 
that the computer industry discriminates less than in other occupations. In fact, being 
a woman or non-white or physically handicapped works to your advantage, since many 
companies have affirmative-action programs. 

On the other hand, discrimination does exist against older people. If you're over 40 
and trying to get a job as an entry-level programmer, you'll have a tough time, since 
the stereotypic programmer is "young, bright, and a fast thinker". If you're old, 
they'll assume you're "slow and sluggish". 


Because of that unfair discrimination, if you're old you should probably try entering 


the computer industry through a different door: as a consultant, or a computer 
salesperson, or a computer-center manager, or a computer teacher. For those positions, 


your older age works to your advantage, since those jobs require wisdom, and people 
will assume that since you're old, you're wise. 


Shifting careers 
If you're older, the best way to enter the computer field is to combine your new 
knowledge of computers with what you knew previously. If you already knew a lot 
about sales, get a job selling computers. If you already knew a lot about teaching, 
get a job teaching about computers— or helping teachers deal with computers. 
If you already knew a lot about real estate, computerize your real estate office. 

In other words, do not try to "hop" careers; instead, gradually sh/ft your 
responsibilities so that they deal more with computers. 

To get into the computer field safely, retain your current job but computerize it. 
For example, if you're already a math teacher, keep teaching math but also convince 
your school to let you teach a computer course also, or at least incorporate computers 
into the math curriculum, or at least help run the school's computer center. If you 
already work for a big company and are doing a boring job, try to get transferred to 
a different department and which puts you in closer contact with the computer. After 
a year in such a transitional state, you can break into the computer field more easily, 
since os can put the word "computer" somewhere on your resumé, as "job experience". 

If you're in college kid, write programs that help the professors, or help others 
during your summer vacations. Agree to write the programs for little or no pay. Your 
goal is not money: your goal is to put "experienced programmer" on your resumé. 
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Interviews 
When applying for your first computer job, avoid the "personnel" office. The people in 
the personnel office will look at your resume, see it includes too little experience, and 
trash it. 

Instead, play the who-you-know game. Contact somebody who actually works with 
computers, convince that person you're brighter than your resumé indicates, and 
prove to that person you've learned so much (from reading, courses, and practice) 
that you can conquer any task laid before you. Convince that person you can think 
quickly. If you impress that person enough, that person can get you a job, even 
though your paper qualifications look too brief. 

When you get an interview, be aggressive: assert yourself. Ask the interviewer 
more questions than the interviewer asks you. Ask the interviewer about the company's 
computer, and about why the company doesn't have a different one instead. Ask the 
interviewer how the other people in the company feel about the computer center. Ask 
the same kinds of questions a data-processing manager would ask. That way, the 
interviewer will assume you have the potential to become a data-processing manager, 
and will hire you immediately. You'll also be showing you care enough about the 
company to ask questions. And you'll be showing you have a vibrant personality, 
and are not just "another vegetable who came through the door". 

One of the strange things about applying for a programming job is that the interviewer 
will not ask to see a sample of your work. The interviewer doesn't have time to read 
your program. Even if the interviewer did have time to read your program, he couldn't 
be sure you wrote it yourself. Instead, the interviewer will just chat with you about 
your accomplishments. So you must "talk smart". The best way to "talk smart" is to 
know all the buzzwords of the computer industry— even if they don't really help you 
write programs. 

During the interview, you'll probably be asked whether you know "structured 
programming". A structured program is a program that's well-organized. It consists 
of a short main routine and many subroutines. To write a structured program, avoid 
the words GO TO; instead, use words that involve subroutines: 


Language Words that involve subroutines 
BASIC GO SUB and RETURN 

FORTRAN CALL, SUBROUTINE, and RETURN 
PASCAL PROCEDURE 

COBOL PERFORM 


Later joys 
In your first job, your salary will be low, but don't worry about it. During your first 
job, you'll receive lots of training: you're getting a free education. After your training 
period is over, your salary will rise rapidly— especially if you do extra studying during 
evenings and weekends. Your rea/ job is: to become brilliant. 

After you've become brilliant and experienced, other companies will eagerly want to 
hire you. Your best strategy is to leave your current company and work elsewhere, to 
gain new experiences. Whenever you feel you're "coasting", and not learning anything 
new, it's time to move to a different job. The "different job" can be in a new company— 
or in a different department of the current company. 

By moving around— by gaining a wide variety of experiences— you can eventually 
become a qualified, wise consultant. And you'll feel like "King of the World". 


Social contacts 
Being a programmer is not always glamorous. You'll spend many long hours staring at 
your terminal's screen and wondering why your program doesn't work. The job is 
intellectual, not social. But after you've become an expert coder, you get into 
"systems analysis" and "consulting" and "teaching" and "management", and interact 
with more people. 
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Software publishing 
To be a programmer, you do not have to work for a large company. Instead, you can 
sit at home, write programs on your personal microcomputer, and sell them to software 
publishers, for a royalty. If the software publisher sells many copies of your program, 
you become rich. (On the other hand, if your program is not a "smash hit", you remain 
oor.) 

s Since your program might not become popular, do not rely on software publishing as 
a steady source of income. Instead, view it as a part-time activity which, if successful, 
will put some extra money in your pocket. 

The most famous software publishers are Microsoft, Lotus, Ashton-Tate, Borland, 
Electronic Arts, and Broderbund; and there are many others. Browse through the 
ads in microcomputer magazines. 


Software houses 
A company whose only goal is to produce software is called a software house. You 
can work for a software house full-time (for a fixed salary) or for a royalty. If the 
software house deals with large computers, the usual method of payment is full-time 
fixed-salary, rather than royalty. 
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MANAGEMENT 
Programming is fun for young kids. But as you get older, you'll tire of machines, and 
want to deal with people instead. As you approach retirement, you'll want to help the 
younger generation relate to the computers you've mastered. 

To be a successful manager, you need three skills: you must be technically 
competent; you must be wise; and you must know how to handle people. 

You should know how to program. You should know the strengths and weaknesses 
of each computer company, and be able to compare their products. You should have a 
philosophy about what makes a "good" computer center. You should understand 
people's motives, and channel them into constructive avenues. You should keep 
up-to-date, by reading the latest books and periodicals about computers, and by 
chatting with other computer experts via phone and at conventions. If you live in 
New England and care about microcomputers, join the Boston Computer Society 
(1 Center Plaza, Boston, MA 02108, 617-367-8080). 

When trying to run a computer center, you can easily make mistakes. For example, 
many computer centers put four-foot-high partitions between their programmers, to 
give the programmers "privacy"; unfortunately, the partitions are counter-productive: 
they're too low to block noise, and too high to permit helpful conversation with your 
neighbor. 

If you're putting a computer center into a high school (or junior high or middle 
school or even an elementary school), you must develop a cadre of hot-shot students 
who are bright, friendly, and outgoing, and who will help and encourage the other 
students to use the computer. If the hot-shots are not outgoing— if they become an 
elitist, snobbish club— the rest of the school will avoid the computer. 

If you've hired "programming assistants" who help the programmers, don't let the 
"programming assistants" hide in an office or behind a desk; tell the programming 
assistants to go to the terminals, chat with the programmers, and ask the programmers 
whether the programmers could use any help. 

In too many organizations, terminals are locked in the offices of prestigious people 
and aren't used. Let everybody share the terminals. 

Too often, managers judge their own worth by the size of the computer center's 
budget: the bigger the budget, the more prestigious the manager. Remember that the 
sign of being a good manager is not having a big budget; the sign of a good manager 
is the ability to meet the company's needs on a smal! budget. 

In computer jargon, a word is how many bits the CPU can handle simultaneously. 
For most microcomputers, a word is 8 bits (i.e., the CPU can handle 8 bits 
simultaneously); for most minicomputers, a word is 16 bits; for most maxicomputers, 
a word is 32 bits. A CPU having a big word is prestigious, but might not be 
cost-effective. 

Too often, the head of the computer center decides who can use the computer. So 
the head of the computer center becomes powerful— and evil. To avoid concentrating 
so much power in the hands of one bureaucrat, use distributed processing: get several 
small computers instead of one big monster, and give each department its own small 
computer. 

If you're a "microcomputer consultant" and honest, you'll tell your client to buy 
low-cost popular programs, instead of telling him to pay you to invent "customized" 
programs. _ 
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SALES 
You can find three kinds of salesmen. 

The "slick" kind knows "how to sell", but doesn't know any technical details about 
the computer he's selling; he doesn't know how to program, and doesn't know much 
about the computers sold by his competitors. All he knows is the "line" that his boss 
told him to give the customers. That kind of salesman usually resorts to off-color tactics; 
such as claiming that all computers sold by competitors are "toys". 

The opposite kind of salesman is technical: he knows every detail about every 
computer manufactured, but can't give you any practical advice about which computer 
best meets your needs. 

The best kind of salesman is a consultant: he asks lots of questions about your 
particular needs, tells you which of his computers meets your needs best, and even 
tells you the /imitations of his computer and why another, more expensive computer 
sold by a competitor might be better. He's an "honest Joe". He clinches the sale because! 
you trust him, and because you know you won't have any unpleasant surprises after the| 
sale. While selling you a computer, he teaches you a lot. He's a true friend. 

A woman can sell computers more easily than a man. That's because most computer 
customers are men, and men are more attracted to women. It's also because, in our 
society, women are more "trusted" than men. But if you're a woman, say some 
technical buzzwords, to convince the customer that you're technically competent; | 
otherwise, the customer will assume that since you're a woman you must be a "dumb 
secretary". 


: 
| 


BE AN ENTREPRENEUR 
How about starting a rental service, where people can rent microcomputers? How about 
starting a camp, where kids can spend the summer playing with computers? How 
about starting a computer set-up service, where you teach businesses how to start 
using microcomputers? How about writing each-to-use explanations of how to use the 
most popular software? Each of those ideas has been tried successfully; join the fun! 
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SPELLING 


ERRORS 


To appear smart, learn to spel gud. Beginners often misspell these words: 


Wrong 
COBAL 


computor 


Dartmouth U. 


Epsom 


hexidecimal 


hobbiest 
imput 
silicone 
softwear 
TRS-232 


TSR-80 


computer 


Dartmouth Coll. 


Epson 


hexadecimal 


hobbyist 
input 
silicon 
software 
RS- 232 


TRS-80 


Comment 
"COBOL" means "COmmon Business-Oriented Language". 
"COBAL" is a co-ed who likes sex. 


"Computer" is a machine or person that computes. 
"Computor" is a snobbish computer. 


"Dartmouth Coll." is where BASIC was invented. 
"Dartmouth U." exists only in Utopia. 


"Epson" makes printers. 
"Epsom" makes salt. 
p 


"Hexadecimal" means "six and ten", which is "sixteen". 
"Hexidecimal" is icky. 


A "computer hobbyist" is a person who likes computers. 
A "computer hobbiest" is even more hobbier. 


"Input" is what the computer takes "in". 
"Imput" is said only by "im"beciles. 


"Silicon" is what you put in an integrated circuit. 
"Silicone" is what you put in your breast. 


"Software" is the opposite of "hardware". 
"Softwear" is a negligée. 


"RS-232" means "Recommended Standard #232". 
"TRS-232" means you think Tandy's Radio Shack is God. 


"TRS-80" stands for "Tandy's Radio Shack". 
"TSR-80" is a jerk who mumbles the alphabet backwards. 


CHOICES 


For these words, choose your favorite spelling: 


IBM prefers "disc"; other companies prefer "disk". 
To mean "half a byte", humble programmers prefer "nibble"; snobs prefer "nybble". 
The British prefer "programer"; Americans prefer "programmer". 
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CURRICULUM 


When should kids start learning about computers? 

Programs have been developed even for kids in nursery school! For example, you can 
get "alphabet fun" programs: when the kid presses the A key, pictures of apples appear 
all over the screen; when the kid presses B, the screen is filled with bears; C gives 
cats, etc. To make the program fun, the pictures on the screen are animated; they dance!) 

Kids should start writing simple programs in BASIC when they're in the third grade. 
(The brightest kids can start even younger!) Before the third grade, the typical kid 
should learn how to run other people's programs (by typing the word RUN) and 
maybe should learn LOGO, which is a language for beginners that's easier than BASIC. 


Which kids should take computer courses? 
All kids should be exposed to the computer. All kids should have the opportunity to 
press the buttons, type the word RUN, and do other fun things. All kids should deal 
with the computer before entering high school. The introductory instruction should be 
broad: it should dip into BASIC programming, hardware jargon, application areas 
(such as word processing), and social effects. The introduction is important for al/ 
kids, regardless of mathematical ability; remember that most computer programming 
requires hardly any math. Kids who are "slow" or who "hate school" should be included, 
Since the computer often acts as a catalyst for making such students "turn on" to school 
and "tune in"; LOGO has been particularly effective at that. If your school has too few 
computers to permit an extensive program, the best compromise is to wheel the computers 
from classroom to classroom, so that each kid gets to spend at least a few minutes with 
the computer each semester. Kids who want to go beyond introductory concepts should 
be allowed to join an after-school computer club. 


Which language should kids learn to program in? 
More programs have been written in BASIC than in any other computer language. 
Therefore, a person who doesn't understand BASIC is "out of touch" with reality and 
is a computer illiterate. Every kid should learn BASIC before graduating from high school. 
The youngest kids might also want to experiment with LOGO (which lets you draw 
pictures more easily than BASIC); the oldest kids might also want to experiment with 
PASCAL (which is more "sophisticated" than BASIC). But BASIC is the most "practical" 
language to learn, because it can handle a wider variety of applications than LOGO and 
PASCAL. (LOGO can't handle random-access files well; PASCAL can't handle output 
formats well.) Also, BASIC is less expensive than LOGO and PASCAL. (LOGO requires 
more memory; PASCAL requires more memory and also requires disk drives.) 


What should a computer course emphasize? 
The course should emphasize hands-on programming, with fun applications to a wide 
variety of topics. The course should not be restricted to math and science; in fact, 
less than half of the programming examples should involve math or science; the majority 
of the examples should involve the arts, business, word processing, etc. If the computer 


course is taught by a math teacher, the school's principal should check that the teacher 
doesn't spend too much time talking about math. 


In the "computer curriculum", how important are music and graphics? 
Any computer for kids should play music and draw graphics (preferably in color), 
because music and graphics create fun and maintain the kids' interest. Any lectures 
on computer programming Should include a discussion of how to program music and 
graphics: besides being fun, such a discussion emphasizes that computers are not 
just for numbers", and also illustrates dramatically and clearly the effects of 
programming concepts such as FOR...NEXT loops. 
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In a computer course, what homework should be assigned? 
The homework should be to write a computer program. To make that practical, the 
school must have enough computers to handle all the kids. Although the teacher 
should assign some standard exercises, the kids should also be encouraged to invent 
their own programming projects. 


In what order should computer topics be taught? 
The course should begin with hands-on experience: the kids should write elementary 
programs (in BASIC or LOGO) and run programs that others wrote. As the course 
progresses, the programming examples tend to become more abstract and long-winded; 
to give the kids a breather from such heavy stuff, frequently insert light-hearted 
topics such as video games, computer graphics, effects of computers on society, word 
processing, kinds of hardware, business software, computer companies, and careers. 


EDUCATIONAL APPLICATIONS 


How can the computer help teach English? 
While trying to write a program, the kid learns the importance of punctuation: the 
kid learns to distinguish between colons, semicolons, commas, periods, parentheses, 
and brackets. The kid also learns the importance of spelling: if the kid misspells the 
word PRINT or INPUT, the computer gripes. The kid learns to handle long words, 
while wading through computer manuals. 

Some kids "hate to write English compositions". The computer can change that 
attitude! If you let a kid use an easy word-processing program (such as Writing Assistant), 
the kid suddenly discovers that writing an English composition can be fun! The 
composition suddenly becomes "electronic"; it appears on the television screen! And 
revising the composition can be even more fun, since the kid gets to use all the nifty 
"editing" keys on the keyboard. The whole experience becomes as much fun as a video 
game. A high-quality word processor also corrects the kid's spelling without forcing 
the kid to endlessly thumb through the dictionary; it even corrects the kid's grammar 
and style. Watching the computer correct the spelling, grammar, and style is 
educational and fun. 

To make the kid understand why parts of speech (such as "nouns", "verbs", and 
"adjectives") are important, give the kid a computer program that writes sentences 
by choosing random nouns, random verbs, and random adjectives. Then tell the kid 
to invent his own nouns, verbs, and adjectives, feed them into the program, and 
watch what kind of sentences the program produces now. 

Young kids enjoy a program called Story Machine. It gives you a list of nouns, 
verbs, adjectives, and other parts of speech that you can use to build a story. You 
type the story, using any words on the list. As you type the story, the computer 
automatically illustrates (t! For example, if you type, "The boy eats the apple," 
your screen will automatically show a picture of a boy eating an apple! If you type 
several sentences, to form a longer story, the computer will automatically illustrate 
the entire story and produce an animated cartoon of it! The program also criticizes 
your story's structure. For example, if you say "The boy eats the apple" but the 
boy isn't near the apple yet, the program will recommend that you insert a sentence 
such as "The boy runs to the apple" beforehand. The program comes on a $25 disk 
from Spinnaker Software (1 Kendall Square, Cambridge, MA 02139, phone 617-494-1200). 
To run the program, you need an Apple. 
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How can the computer help teach history? 

The computer can make history become "alive", by throwing the student into the 
middle of a historical situation. For example, a graduate of my intensive teacher-training | 
institute wrote a program that says, "It's 1910. You're Kaiser Wilhelm. What are you 
going to do?" Then it gives you several choices. For example, it asks "Would you like 
to make a treaty with Russia?" If you answer "yes", the computer replies, "Russia breaks) 
the treaty. Now what are you going to do?" No matter how you asnwer the questions, 
there are only two ways the program can end: either "You've plunged Europe into a 
World War" or "You've turned Germany into a second-rate country". After running that 
program several times, you get a real feeling for the terrible jam that the Kaiser was in, 
and you begin to pity him. Running the program is more dramatic than reading a book 
about the Kaiser's problems, because the program forces you to step into the Kaiser's 
Shoes and react to the Kaiser's surroundings: you are there. When you finish running 
the program, you feel you've lived another life, the life of a 1910 Kaiser. 

Such a program is called a historical simulation, since it makes the computer simulate 
(imitate) a historical event. 


How can the computer help teach about current events? 
The best way to teach about current events is through simulation. 

For example, when California's Governor Brown had trouble controlling medflies, 
teachers wrote programs that began by saying, "You're Governor Brown. What are you 
going to do?" (One of the programs was even called "Medfly Mania". ) 

The best way to encourage the student to analyze the conflict between Israel and 
the Arabs is to tell the student to run a program that begins by saying "You're Israel's 
Prime Minister Begin" and then run a program that begins by saying "You're the PLO's 
leader Yassir Arafat"; by running both programs, the student learns to take both sides 
of the argument and understand the emotions of both leaders. Such a program could 
help warring nations understand each other and thereby bring peace! 

When Three-Mile Island almost exploded, teachers wrote a program that says "You're 
in the control room at Three-Mile Island". Your computer's screen shows a high-resolution 
color picture of the control room. Your goal is to make as much money as possible for the 
electric company, without blowing the place up. You can buy two versions of the program: 
one's called just "Three-Mile Island"; the other's called "Scram". To teach kids about 
Three-Mile Island, it's easier to buy the program than to get permission from parents to 
"take the kids on a field trip to Three-Mile Island" (which also requires that you sit on 
a bus while listening to 99 choruses of "bottles of beer on the wall" and worrying about 
kids who get lost at Three-Mile Island). 

The best way to teach economics and politics is to give the student a program that says 
"You're running the country" and then asks the student to input an economic and 
political strategy. At the end of the program, the computer tells how many years the 
student lasted in office, how well the country fared, and how many people want to 
assassinate him. 

The best way to learn anything is "by experience". Computer simulations let the 
student learn by "simulated experience", which condenses into a few minutes what would 
otherwise require many years of "natural experience". 
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How can the computer help teach biology? 
The computer can do genetics calculations: it can compute the probabilities of having 
various kinds of offspring and predict how the characteristics of the population will 
shift over time. 

The computer can handle taxonomy: it can classify different kinds of animals and 
plants. The computer asks you a series of questions about an organism and finally 
tells you the organism's name. One of the most popular programs is a game called 
"Animals", which lets the student teach the computer which questions to ask. 

To teach ecology, a graduate of my teacher-training institute wrote a simulation 
program that begins by saying, "You're the game warden of New Jersey. What are you 
going to do?" For example, it asks how many weeks you want the deer-hunting season 
to last. If you make the hunting season too long, the hunters kill all the deer, and the 
deer-loving environmentalists hate you. On the other hand, if you make 
the deer-hunting season too short, the hunters hate you; moreover, the deer 
overpopulate, can't find enough to eat, and then die of starvation, whereupon 
everybody hates you. Your goal is to stay in office as long as possible. 

When Dartmouth College (which for centuries had been all-male and rowdy) suddenly 
became co-ed in 1971, its biology department realized the importance of teaching about 
birth control. The professors wrote a program that asks how old you are and which birth 
control method you wish to use this year. You have 9 choices, such as pill, diaphragm, 
IUD, condom, rhythm method, and "Providence". After you type your choice, the 
computer computes the probabilities and may print (if you're unlucky) ***BOY *** or 
***GIRL***, The computation is based, as in nature, on a combination of science and 
chance (random numbers). Then it asks your strategy for the next year. The program 
continues until it finally prints ***MENOPAUSE***, Using the program, you can explore 
how different strategies will result in different numbers of children. It's safer to 
experiment with the program than to experiment on your body. It's also faster. 

(But maybe it's not as much fun?) 


How can the computer help teach chemistry? 
You can get programs that balance chemical equations. You can also get programs that 
classify organic compounds. 


How can programs that tutor, drill, and test students be made exciting? 
The programs should use the same techniques that make video games exciting. 
Specifically , the programs should include graphics (preferably in color) and animation, 
should require the student to answer quickly, and should display a running total of 
the student's points, so that each time the student answers a question correctly the 
score on the screen increases immediately. At the end of the educational game, 
the computer shouldn't say "excellent" or "fair" or "poor"; instead, the computer should 
simply state the total number of points accumulated (which should be in the thousands) 
and then ask whether the student would like to try again, to increase the score. If 
the student's score is exceptionally high, the computer should reward the student by 
giving lots of praise and by storing the student's name on the disk; if the student's 
score is low, no criticism should be given other than asking "Would you like to try again ?" 
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PURCHASING 


How many computers should the school buy? 
The more the better! Whatever you can afford! 


Which computer is the best for teaching programming? 
As I demonstrated on page 126, the best versions of BASIC require a Commodore 
Amiga, IBM PC, or clone. For a lower-cost alternative, get the Commodore 128 
or Radio Shack Color Computer. Their versions of BASIC are all far superior 
to the Apple 2's. 


Should the school buy a variety of different computers, or stick to a single brand? 
The students should see a wide variety of computers, because each computer has its 
own strengths and weaknesses. The best business software is on the IBM PC, 
the best graphics and music software is on the Macintosh, and the best educational 
software is on the Apple 2e. 

The school should decide on a "main" brand of computer (to simplify the lectures 
about programming) but also buy samples of the other brands (for demonstrations 
and for advanced students). 


How can teachers get software without paying for it? 

If you're a teacher, tell your hot-shot students to write the software for you. 
Your students will love the opportunity to work on a project that's useful. Tell 
the students that if their software is good you'll write them glowing recommendations 
saying that they computerized the school. 

Many software publishers give educational discounts. Some publishers offer 
"site licenses", where you pay a large fee up front but then can make as many 
copies of the software as you wish, free. 

The nicest publishers of business software offer "trial size" versions for $10 
or even free. Nice trial-size versions let you try all the software's keystrokes 
and commands but require you to keep your documents and files brief— just long 
enough so that you can study and evaluate the software but short enough so that 
you'll eventually want to buy the full versions. For example, trial-size versions 
of word processors restrict you to one-page documents; trial-size data-management 
programs restrict you to 15-record files. When you try to exceed those limits, the 
software makes the computer say, "Not available in trial size. Buy the full version." 
Trial-size versions are nicknamed "crippled software". Software publishers often 
let you copy them free, so that you and your students and friends can run "software 
test drives" and "software taste tests". 


! 
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MANAGEMENT 


Should kids be allowed to play video games on the school's computers? 
Every kid should have the experience of playing video games briefly, because they're 
fun, encourage speed and agility, reward self-improvement, create a positive attitude 
towards computers and technology, lead the kid to thinking about strategies and 
programming methods, and provide examples of the best programs ever invented. On 
the other hand, kids should be discouraged from spending excessive time on games. 
Game-players should be given lower priority than other kids who want to use the 
computers. To do that, you can restrict game-playing to just a few of the computers, or 
restrict game-playing to just a few times of the day, or require game-players to leave 
whenever non-game-players want to use their computers. By charging a small fee for 
game-playing, you can collect enough money to buy more computers. 


Which room should contain the computers? 
The safest place to put the computers is in the library. That reduces the chance of 
theft, encourages disks to be checked out like books, and assures that the computer 
lab is run by a humanities-oriented librarian instead of a narrow-minded mathematician. 
Most librarians know how to run audio-visual equipment and how to communicate with 
large databases and therefore don't fear technology. Since librarians enjoy the 
humanities (especially reading) and nevertheless are comfortable with scientific technology , 
librarians are the ideal choice for running a computer center that meets the need of the 
whole school. And the library is the only place in the school where all the students and 
faculty can feel comfortable— except for the cafeteria. 

Try moving a few low-cost computers into the cafeteria, for students to use during 
lunch and during study breaks. That will increase the computers! visibility and also 
turn lunch into an intellectual affair. With adequate supervision, you can overcome the 
cafeteria's dangers (theft, food fights, and spilled drinks). 


How can the computers be supervised inexpensively? 
You can get parents to volunteer. Many parents would love the opportunity to work in 
a computer environment, in the hope of entering a full-blown computer career later. 

If the students in your school's computer club act responsibly, you can turn the club 
into a "computer-service organization" that helps teach the rest of the school about 
computers. Members of the computer-service organization can mention such service on 
their resumés, which will help them get into college. 

Give a speech to all students: tell them that when they're using the computers they 
should help each other. Encourage teamwork. 


Should students be allowed to use the administration's computer? 
The administration's computer handles the school's budget, payroll, schedules, attendance 
records, and report cards. Students shouldn't have access to the disks containing that 
information. But students should be allowed to occasionally use the administration's 
computer (provided the students use special "student disks" instead), because the 
students should have the opportunity to see how a big computer operates. The brightest 
and most trustworthy students might even help the administration write some programs 
(though the students shouldn't be given access to the real data). 
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DREAMERS 
Back in 1970, computerists tried to predict what life would be like in 1990. Since 1990 
is almost here, let's look at their predictions and see which ones came true. 
The predictions appeared in Martin & Norman's The Computerized Society 
(published by Prentice-Hall in 1970), John Kemeny's Man and the Computer 
(published by Scribner's in 1972), and a prize-winning essay by G. Cuttle in 1969. 


WORK AT HOME 
Cuttle said, "It may be more economic for companies to subsidize home 
‘communications rooms! for their employees than rent expensive office space to 
commute to. Some establishments are already starting to provide computer terminals 
for the homes of senior staff. This is sensible when one considers the tendency for 
great ideas to materialize in the bath. Many of the better characteristics of the 
cottage industry may return, particularly in terms of personal freedoms." 

Martin & Norman said, "The first widespread use of home terminals will probably 
be sponsored by employers. Mothers who participate may be relieved of the boredom 
they feel when they are unable to leave their children." 

Kemeny said, "I've heard executives complain that they rush into their offices 
and then spend half their time talking on the telephone, something they could have 
done equally well at home. Office files will be kept in national computer networks, 
accessible from home. 

"If the need for millions of people to rush in and out of the city every working 
day is removed, we'd be well on our way to a solution of urban problems. Perhaps 
the central city will become truly a center of information where the machines are 
located but not the humans who use them. Since cities still would have a central 
location, they might expand their roles as centers for entertainment and as places to 
live for those who insist on seeing a play or sports event in person rather than 
watching it on TV." 

What happened instead. Personal computers have become so cheap that most 
homes contain them instead of terminals attached to timesharing services. Many 
executives work at home on personal computers during evenings and weekends but 
still prefer to meet face-to-face with other employees during the day. 


ELECTRONIC SHOPPING 
Martin & Norman: "Instead of coming into a store, the consumer could scan a list of 
available goods and their prices at different shops on the home terminal, then use 
the terminal to order." 

Kemeny: "For items costing over a dollar, cash transactions will totally 
disappear." 

What happened instead. Because banks charge merchants large fees to handle 
charge cards and fund transfers, many merchants require cash for all purchases 
under $15. Most attempts to develop computerized shopping systems have failed 
because consumers want to see photographs of goods before buying them. TV shows 
aves as The Home Shopping Network succeed because they let consumers view before 

uying. 


APPLIANCES 

Cuttle: "Anyone who has any doubts about the ability of a computer to cook 
breakfast has only to remember the state of mind of the average housewife at seven 
in the morning to realize that preparing breakfast is a very mechanical task indeed. 

"Many other household tasks are equally suitable for computers to invade. At 
present each piece of equipment needing such a computer has its own small one built 
in, but the logical development is to have a larger household computer tucked under 
the stairs. Circuits could be wired through the house so that each individual gadget 
could be plugged in." 
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Martin & Norman: "A family driving home after a few days away will phone home 
and key some digits on the Touch-Tone phone to switch on the heat or 
air-conditioning unit. 

"A woman before leaving for work will preprogram her kitchen equipment to cook 
a meal. She'll then phone at the appropriate time and have the meal prepared." 

What happened instead. Now that we have microwave ovens and gourmet frozen 
dinners, housewives (and househusbands!) can create dinner in less than five 
minutes without using a computer. Instead of being linked to a big household 
computer, each appliance contains its own fancy microprocessor (which controls the 
timing, temperature, etc.), since microprocessors have become so cheap. 


GOVERNMENT 

Cuttle: "The householder could readily ask the computer whether any legislation in 
progress affects his neighborhood or interests. He could have far easier access to 
his congressman than the present system permits. Conversely, he could be 
interrogated, and this might well be a better way to keep congressmen in touch with 
the feelings of their constituents." 

What happened instead. Not enough people have bought modems yet. Some 
communities have tried using two-way cable TV instead. 


NEWSPAPERS 

Kemeny: "Let's consider a system under which The New York Times, instead of 
publishing hundreds of thousands of copies, would store the same information in a 
computer tied into a national network, from which each reader could retrieve the 
items he wanted, in as much detail as he desired. Sitting at home, he could dial the 
computer network and ask for his personalized New York Times. The computer would 
remember which topics he normally reads and present stories on them a frame at a 
time. He could ask for more details. He'd have available at any moment, day or night, 
completely up-to-date information; and the system would make sure he doesn't miss 
any news that concerns him. If The New York Times adopts this suggestion, it 
should change its motto to 'All the news that you see fit to read." 

What happened _ instead. On-line services such as Compuserve provide the 
complete text of daily newspapers around the country. Few people use those 
services, since they cost more than a traditional newspaper and work only while the 
reader sits by a phone jack. 


MEDICINE 
Cuttle: "Automatic diagnosis by computer could be a useful aid. Interrogation 
through a home terminal could pin-point some everyday ailments. Much treatment can 
be carried out at home that today might necessitate hospital treatment. It may be far 
cheaper and pleasanter for the patient to have monitoring equipment brought to his 
home and connected through the terminal to a hospital computer." 

What happened _ instead. Many doctors and pharmacists use computers to 
double-check diagnoses and also warn of interactions between drugs. Diagnosis by 
computer-assisted tomography is widespread in hospitals. Many invalids stuck at 
home use beepers to call help when needed. Most patients trust neither computers 
nor doctors. 


THE WHOLE FAMILY 
Kemeny: "Father, if he brings his work home from the office, can use the terminal in 
place of a sizable office staff. Mother can do most of her shopping through a 
computer terminal. If by 1990 the roles of man and woman have been completely 
reversed, the computer terminal will be equally happy to work out business problems 
for mother and to help father with his shopping and housework. 

"Chil’ -n will find the home terminal an immeasurable asset in doing homework. 
Indeed t shild of 1990 will find it impossible to conceive how the older generation 
manage: .v get through school without the help of a computer." 

What happened instead. The feminist revolution has encouraged role reversal. 
Kids use Apple computers mainly to play games, practice programming, do word 
processing, and run Print Shop. 
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VANGERE 


CHANGE SOCIETY 
How could computers change human society? The many good ways are obvious. Here 
are the bad ones. 


ERRORS 
Although the computer can have a mechanical breakdown, the usual reason for 
computer errors is mental breakdown—on the part of the people who run it. The 
usual computer blooper is caused by a programmer who writes an incorrect program, 
or a user who inputs a wrong number. If you want the computer to write a check for 
$10.00, but you forget to type the decimal point, the computer will nonchalantly 
write a check for $1000. 

The biggest computer blooper ever made occurred at Cape Kennedy. A rocket 
rose majestically from its launch pad and headed toward Venus. Suddenly it began to 
wobble. It had to be destroyed after less than 5 minutes of flight. The loss was put 
at $18,500,000. What went wrong? After much head-scratching, the answer was 
finally found. In one of the lines of one of the programs, a programmer omitted a 
hyphen. 

In the computer center of a certain city, every inhabitant's vital statistics were 
put on cards. One lady in the town was 107, but the number 107 wouldn't fit on the 
card properly, because the space allotted for AGE was only two digits. The computer 
just examined the last two digits, which were 07, and assumed she was 7 years old. 
Since she was 7 and not going to school, the computer printed a truant notice. So 
city officials visited the home of the 107-year-old lady and demanded to see her 
mother. 

A man in Germany received a bill from a computer requesting the payment of 
"zero deutschmark". He ignored it, but two weeks later the machine sent him a letter 
reminding him that he had not paid the sum of "zero deutschmark". Two weeks after 
that another and more strongly worded letter arrived. He still took no action other 
than photocopying the letters and gleefully showing them to his friends. But the 
computer persisted and eventually announced that it was referring his failure to pay 
to company lawyers. So he telephoned the company. They explained to him there was 
a minor oversight in the program, assured him it was being corrected, but requested 
him to send a check for "zero deutschmark" to simplify the reconciliation. He duly 
made out a check for "0.0 DM." and mailed it. Two days later the check was returned 
to him from the bank with a polite (nonautomated) letter stating that the bank's 
computer was unable to process the check. 

That last anecdote was from Martin and Norman's The Computerized Society. This 
is from Time Magazine: 


Rex Reed, writer and sometime actor, ordered a bed from a Manhattan department 
store. Three months passed. Then came the long anticipated announcement: the bed 
will be delivered on Friday. Reed waited all day. No bed. Having disposed of his 
other bed, he slept on the floor. Next day deliverers brought the bed but could not 
put it up. No screws. On Monday, men appeared with the screws. But they could not 
put in the mattresses. No slats. "That's not our department." Reed hired a 
carpenter to build them; the department store's slats finally arrived 15 weeks later. 
Undaunted, Reed went to the store to buy sheets. Two men came up and declared: 
"You're under arrest." Why? "You're using a stolen credit card. Rex Reed is dead." 
Great confusion. Reed flashed all his identity cards, the detectives apologized—and 
then tore up his store charge card. Why? "Our computer has been told that you are 
dead. And we cannot change this." 


On a less humorous note, a woman died from freezing, because an errant 
computer thought she hadn't paid her utility bill. 
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UNEMPLOYMENT 
Since the computer's a labor-saving device, it may make laborers unemployed. 
Clerks and other low-echelon white-collar workers might find themselves jobless and 
penniless. 

The newspaper companies in New York City have realized they'd save money by 
hiring fewer printers and using computers instead. But the printers union, upset, 
cried "Breach of contract!" The companies and printers finally agreed to get the 
computers, hire no new printers, but retain the current ones until retirement. 

The advent of computers doesn't have to mean a net loss of jobs. In fact, new 
ones are created. Not all computer-related jobs require abstract thinking: there's a 
need for mechanics, typists, secretaries, salesmen, editors, librarians, etc. There 
is a need for people to tell the programmers what kind of things to program. Running 
a computer center is a business, and there's a need for businessmen. 

When computers do human work, will there be enough work left for us humans to 
do? Don't worry: when no work is necessary, humans have an amazing talent for 
inventing it. That's the purpose of Madison Avenue—to create new longings. Instead 
of significantly shortening the work week, Americans have always opted for a work 
week of nearly equal length but devoted to more luxurious ends. That's the gung-ho 
Protestant work ethic we're so famous for. Computers will change but not reduce our 
work. 

- . That's what will happen in the long run. But for the next decade or two, as 
Society shifts to computers, a good many people will be temporarily out of a job. 


QUANTIFICATION 

Since the computer handles numbers easily, it encourages people to reduce problems 
to numbers. That's both good and bad. It's good because it forces people to be 
precise. It's bad because some people are starting to make quantification a goal in 
itself, forgetting that it's but a tool to other ends. Counting the words that 
Shakespeare wrote is of no value in itself: it must be put to some use. In both the 
humanities and the social sciences, I'm afraid the motto of the future will be 7 aL VOU 
can't think, count." Some cynics have remarked, "The problem with computers is 
that they make meaningless research possible." 

Since only quantifiable problems can be computerized, there's a danger that, ina 
burst of computer enthusiasm, people will decide that unquantifiable problems aren't 
worth investigating, or that unquantifiable aspects of an otherwise quantifiable 
problem should be ignored. John Kemeny gives this example: 


I've heard a story about the design of a new freeway in the City of Los Angeles. At 
an open hearing a number of voters complained bitterly that the freeway would go 
right through the midst of a part of the city heavily populated by blacks and would 
destroy the spirit of community they'd slowly and painfully built up. The voters' 
arguments were defeated by the simple statement that, according to an excellent 
computer, the proposed route was the best possible one. Apparently none of them 
knew enough to ask how the computer had been instructed to evaluate the variety of 
possible routes. Was it asked only to consider the costs of building and acquisition of 
property (in which case it would have found routing through a ghetto area highly 
advantageous), or was it also asked to take into account the amount of human 
suffering that a given route would cause? Perhaps the voters would even have 
agreed it's not possible to measure human suffering in terms of dollars. But if we 
omit consideration of human suffering, then we're equating its cost to zero, which is 
certainly the worst of all procedures! 


People are being reduced to numbers: telephone numbers, social security 
numbers, zip codes, etc. When you start treating another human as just a wrong 
telephone number, and hang up in his face, something is wrong. 
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ASOCIAL BEHAVIOR 
The computer's a seductive toy. When you walk up toit, you expect to spend only a 
few minutes, but wind up spending several hours instead. Whether catching bugs or 
playing Pac-Man, you'll probably wile away lots of time. You may find yourself 
spending more time with the computer than with people. That can be dangerous. For 
the average American child, his mother is a television set. Will the computer replace 
T.V. as the national fixation? 

Getting along with the computer is easy—perhaps too easy. Though it can gripe 
at you, it can't yell. If you don't like its behavior, you can turn it off. You can't do 
the same thing to people. Excessive time spent with the computer can leave you 
unprepared for the ambiguities and tensions of real life. 

The computer replaces warmth by precision. Excessive time spent with it might 
inhibit your development as a loving individual. 7 


IRRESPONSIBILITY 

Computerization is part of the oncoming technological bureaucracy. Like all 
bureaucracy, it encourages the individual to say, "Don't blame me—I can't change 
the bureaucracy." Only now the words will read, "Don't blame me—the computer did 
Iti 

When John Kemeny's sister asked a saleswoman whether a certain item was in 
stock, the woman said she couldn't answer, because the information was kept by a 
computer. The woman hadn't been able to answer questions about stock even before 
the computer came in—the computer was just a new scapegoat. 

Computers will eventually be used to run governments and wars. The thought of 
someone saying, "I can't change that—that's the way the computer does it" is 
frightening. 


CONCENTRATED POWER 

As computers amass more and more information about people, the computers will 
become centers of knowledge. The people who control them—the programmers, 
sociologists, generals, and politicians—will gain a lot of power. The thought of so 
much power being concentrated in the hands of a few is frightening. A handful of 
people, pressing the wrong buttons, could atom-bomb the earth. 

Nobody should have complete control over a computer center. The power should 
be diversified. Sensitive data and programs should be protected by passwords and 
other devices, so that no single individual can get access to all of it. 


CRIME 
The computer is the biggest tool in the kit of the white-collar criminal. All he has to 
do is insert a zero on a tape, and the computer will send him a paycheck for ten times 
the correct amount. To catch such criminals, computers are programmed to do a lot 
of double-checking; but if the criminal evades the double-checks, he won't get 
caught. Police have a hard time tracking down computer criminals, because 
fingerprints and other traditional forms of evidence are irrelevant. Most computers 
have passwords, to try to stop people for fooling around with sensitive data, but a 
bright programmer can devise various tricks to get around the passwords. The 
crudest is to bug the wires that go to the terminals. The cleverest is to slip extra 
lines into an innocent program, and get someone else to run it; the extra lines 
transfer money to the programmer's account. 

Since you must be quite smart to be a computer criminal, even if you're caught 
you are likely to be admired. The usual reaction of people is not—"What a terrible 
thing you've done! "—but rather—"Gee, you must be smart. Tell me, how did you do 
it?" A bright button-down computer criminal who steals $100,000 electronically 
usually gets a lighter sentence than the dude who must resort to a gun to get $1000. 
Is that justice? 
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INVADED PRIVACY 

Of all the harm computers can do, "invaded privacy" worries people the most. 
George Orwell, in his book 7984, warned that someday "Big Brother will be watching 
you" via a computer. His prediction's already a reality: your whereabouts are 
constantly checked by computers owned by the FBI, the IRS, the military , 
credit-card companies, and mail-order houses. My brother once wrote an innocent 
letter asking for stamps. Instead of using his own name, he used the name of our 
dog, Rusty. Since then, we've received letters from many organizations, all 
addressed to "Mr. Rusty". Our dog's name sits in computers all across the country. 

The information computers have stored about you may be misleading. If you 


never find out about the error, the consequences can haunt you the rest of your 
life. Examples: 


A teacher saw one of the little boys in her class kiss another boy. She entered on his 
computerized school records, "displays homosexual tendencies". 


According to computer records, a certain man had "three lawsuits against him". In 
fact, the first was a scare suit 30 years before, over a magazine subscription he had 
never ordered; the second had been withdrawn after a compromise over a disputed 
fee; the third case had been settled in his favor. 


You have a right to see what information is stored about you, and change it if it's 


incorrect. For example, if a teacher or employer writes a "confidential 
recommendation" about you, you have a right to examine it, to prevent misleading 
statements from haunting you for life. 

Even if the information stored about you is accurate, you have a right to prevent 
its dissemination to the world in general. No organization should store or disseminate 
information unjustifiably. 

What is "justifiable"? Fearing "Big Brother", people don't want politicians to 
access personal information. On the other hand, fearing criminals, people want the 
police to have a free hand in sleuthing. How to give information to the police without 
giving it to politicians can be puzzling. 

Outdated information should be obliterated. An individual shouldn't be haunted 
by his distant past; he should be given a chance to turn over a new leaf. Moreover, 
information 50 years old may be couched in words that have been redefined. To be a 
"leftist", for example, means something in each decade. 

Only facts should be stored, not opinions. It's okay to store that someone lives on 
Fifth Avenue, but not that he lives in a "nice neighborhood". 

It's unfortunate that people feel a need for privacy. If the information stored 
about you is correct, why argue? But many people feel a need to be secretive, and I 
Suppose people do have that right. It's sometimes called the right to be "let alone". 

People don't want to feel their whole lives are on stage, recorded by a computer. 
It inhibits them from acting free and natural. Even if the computer doesn't store any 
damaging information about you, the mere thought that your every action is being 
recorded is damaging, because it makes you act more conservatively. You may be 
afraid of adopting a good but unusual lifestyle, because anything "different" about 
you will look bad on the computerized records used by banks, credit-card 
companies, insurance companies, and other conservative institutions. The harmful 
thing is not that Big Brother is watching, but that you fee/ he's watching. You are 
subjugated. 


(263) Your future: dangers 


WWAY YO WEAL 


PERIODICALS 
To learn what's new in the computer industry, read the magazines and newspapers 
listed on pages 62-64 of volume 1. 


BOOKS 
Begin by reading all three volumes of The Secret Guide to Computers. 

Then read the hardware and software manuals that came with your computer. 
Although those manuals are hard for a beginner to understand, you can understand 
them after you've mastered The Secret Guide to Computers. 

Next, read some of the books listed below. For each topic, I've listed the two best 
books. If you read both books about the topic, you'll become an expert. 

For each book, I've listed the title, author, and publisher. The typical book 
costs about $20. Publishers raised their prices every year. (I'm the only publisher 
whose prices move in the opposite direction. ) 

To get a book, visit the bookstores described on page 240. 


The marketplace 
buyer's guides 
Whole Earth Software Catalog by Brand (Quantum /Doubleday) 
The IBM XT Clone Buyer's Guide by Rutsch (Modular) 
communicating with bulletin boards and public on-line databases 
Online by Lambert (Microsoft) 
The Computer Phone Book by Cane (Plume/New American Library) 


Anecdotes 
candid biographies of famous microcomputer experts 
Fire in the Valley by Freiberger & Swaine (Osborne/McGraw- Hill) 
Hackers by Levy (Anchor/Doubleday) 
amusing facts about the computer subculture 
The Naked Computer by Rochester & Gantz (Morrow) 
The Hacker's Dictionary by Steele et al (Harper & Row) 


Peculiarities of popular microcomputers 
Apple 2 programming 
Apple 2 User's Guide by Poole et al (Osborne /McGraw- Hill) 
Apple 2 Computer Graphics by Williams et al (Brady/Prentice- Hall) 
Commodore 64 programming 
A Guide to Programming the Commodore Computers by Presley (Lawrenceville) 
Commodore 64 Programmer's Reference Guide by Commodore (Commodore/Sams) 
IBM PC's DOS 
Peter Norton's DOS Guide by Norton (Brady/Prentice- Hall) 
Running MS-DOS by Wolverton (Microsoft) 
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Popular languages 
BASIC 


BASIC & the Personal Computer by Dwyer & Critchfield (Addison-Wesley) 
A Guide to Programming—IBM Personal Computer by Presley (Lawrenceville) 
LOGO 
LOGO for the Apple by Abelson (McGraw-Hill) 
Mindstorms by Papert (Basic Books) 
PASCAL 
Introduction to PASCAL by Zaks (Sybex) 
Oh! PASCAL! by Cooper & Claney (Norton) 
DBASE 
Everyman's Database Primer by Byers (Ashton-Tate) 
DBASE 2 for the Programmer by Dinerstein (Scott Foresman) 
FORTRAN 
FORTRAN 77 for Humans by Page & Didday (West) 
The Elements of FORTRAN Style by Kreitzberg & Shneiderman (Harcourt BJ) 
COBOL 
A Simplified Guide to Structured COBOL Programming by McCracken (Wiley) 
Structred ANS COBOL by Murach & Noll (2 volumes, Mike Murach) 
C 
The C Programming Language by Kernighan & Ritchie (Prentice-Hall) 
The C Primer by Hancock & Krieger (McGraw-Hill) 


Alternative languages 
surveys of classical computer languages 


Introduction to Programming Languages by Peterson (Prentice-Hall) 
Programming Languages by Tucker (McGraw-Hill) 
languages for handling strings 
LISP by Winston & Horn 
The SNOBOL4 Programming Language by Griswold et al (Prentice-Hall) 
languages for handling numbers 
Statistical Package for the Social Sciences by Nie et al (McGraw-Hill) 
APL an Interactive Approach by Gilman & Rose (Wiley) 
PL/I 
PL/I Programming with PL/C by Davidson (Houghton Mifflin) 
PL/I Structured Programming by Hughes (Wiley) 
FORTH 
Starting FORTH by Brodie (Prentice-Hall) 
FORTH Fundamentals Volume 1 by McCabe (Dilithium) 
ADA 
Introduction to ADA by Price (Prentice-Hall) 
Programming in ADA by Wegner (Prentice-Hall) 


Assembly languages 
assembly languages for 8-bit microcomputers 


6502 Assembly Language Programming by Leventhal (Osborne/McGraw- Hill) 

Z-80 Assembly Language Programming by Leventhal (Osborne/McGraw- Hill) 
assembly language for the IBM PC 

Assembly Language Primer for the IBM PC & XT by Lafore (Plume/New Am. Lib.) 

Peter Norton's Ass. Lang. Book for the IBM PC by Norton & Socha (Brady/P-H) 
assembly language for IBM mainframes 

Assembly Language Programming by Tuggle (Science Research Associates) 

Systems Programming by Donovan (McGraw-Hill) 
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PERSONAL AGLP 


PHONE 
Thank you for reading The Secret Guide to Computers. If you have any questions 
about what you've read, phone me at (617) 666-2666, day or night. 


EDITIONS 
You've been reading the 12th edition, which is a trilogy totaling 909 pages (335 in 
volume 1, 287 in volume 2, and 287 in volume 3). 

I've been revising the Guide for 15 years. Here's a quick history: edition 0 
(copyright 1972) had 17 pages; edition 1 (1972) 12 pages; edition 2 (1972) 20 pages; 
edition 3 (1972) 32 pages; edition 4 (1973) 32 pages; edition 5 (1973) 73 pages; 
edition 6 (1974) 260 pages; editions 7 & 8 & 9 (1976-1979) 410 pages; edition 10 
(1980-1982) 696 pages; edition 11 (1984) 750 pages; edition 12 (1986-1987) 909 
pages. 

For devilish edition 13, I'm preparing new chapters on telecommunications, 
music, Q&A, and mouse-driven operating systems (for the Macintosh, Amiga, Atari 
ST, and PS/2). The current chapters on MS-DOS, word processing, and assembly 
languages will be expanded to include more advanced features. I'm also reorganizing 
the volumes, to make topics easier to find. Because of the increasing dominance of 
MS-DOS computers, I expect to move the MS-DOS chapter before BASIC, and I 
expect to move the C chapter before FORTRAN and COBOL. 

Altogether, I expect edition 13 to contain 1024 pages and be the first good 
kilopage computer book. But only time will tell! What information would you like to 
see in edition 13? I'd appreciate hearing your thoughts. If you phone, I'll return the 
favor by telling you my latest secrets about whatever computer topic you wish. 

To get on the mailing list for a free brochure about the 13th edition, use the 
coupon on page 287, or just send me a postcard with your name, address, and the 
words "send 13th edition info". Do not send money for the 13th edition, since I 
haven't yet divined how far I can lower the price. 


LET'S MEET 
I hope to meet you someday. If you ever visit the Boston area, drop in, say hello, 
and browse through my computer library. My heavy workload prevents me from 
chatting long, but at least we can grin. 

If you like, join one of my blitz courses, where we cover everything worth 
knowing about computers in one intensive weekend. I give the course in many cities 
and charge just $2.75 per hour. 

I can also visit your home town and give a course to you and your friends 
privately. If you have lots of friends, the cost per person can get quite cheap. 

For more information about what I can do for you at little or no charge, phone me 
at (617) 666-2666 or mail the coupon on the back page. 
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HOW TO GIVE A COURSE 
After you practice using computers and become a computer expert, why not give 
your own courses? You too can become a guru. Here are some suggestions. 

When giving a course, you won't have enough time to cover every detail, so don't 
even try. Tell the students that the details can be found in The Secret Guide to 
Computers and the manuals that come with their computers. 

Instead of grinding through details, have fun! Demonstrate hardware and 
software that the audience hasn't seen, argue cheerily about computer hassles, /et 
es ache oe ask lots of questions , and give the audience hands-on experience aided 

y tutors. 


Here are some lines I use to liven up my classes and loosen up my students. Feel 
free to copy them. 


"Hi, I'm Russ. I'm supposed to turn all of you into computer experts by five 
ociwock,. ibiry.." 

"In this course, I'm your slave. Anything you want, you get." 

"If you're a boring group, we'll follow the curriculum. If you're interesting, 
you'll ask lots of questions and we'll dig into the good stuff." 

"Don't bother taking notes. If God wanted you to be a Xerox machine, He would 
have made you look that way. So just relax. If you forget what I say, phone me 
anytime, and I'll repeat it all back to you." 

"There's no attendance requirement. Leave whenever you wish. If we hit a topic 
that bores you, that's a good time to go to the bathroom, get some munchies, or take 
a walk in the fresh air. Better yet, play with the computers at the back of the room, 
so you become super-smart. The tutors will get you any software you wish." 


When you're planning to teach a course, phone me for free help with curriculum, 
dramatics, and tricks of the trade. 

Your first course might have some rough edges, because you haven't had 
experience yet in giving demonstrations, fielding questions from the audience, and 
dramatically varying the pace so that your audience stays awake. So for your first 
course, play safe: charge as little as possible, so everybody in the audience feels 
the course was a "good deal" and a "wonderful bargain" and nobody feels "ripped 
off". For that first course your goal should not be money: instead, your goal should 
be to gain experience and a good reputation. 

No matter how great you think you are, your audience will tire of you eventually. 
To keep your audience awake, give the audience variety, by including your friends 
as part of your act. 

Good luck. Try hard. You can cast a spell over the audience. Courses change 
lives. 


Your source of free help, 


At your service, 
Your computer butler, 


jeep 


(617) 666-2666 
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APPENDIX 1: 


NIX TNX, 


PREPARE YOURSELF 


To make your microcomputer a pleasure to use, buy a hard-disk drive. 

After putting the drive into the computer, somebody must do an eleven-step 
procedure to set up the hard disk. Ask your dealer and coworkers which steps they 
did. If they forgot some of the steps or did them incorrectly, you must do them 
yourself. Here's how. 


STEP 1: PUT THE COMPUTER IN A SAFE ENVIRONMENT 
During the summer, keep the computer cool. Turn it off when the room temperature 
rises over 85°, unless you buy a fan that creates a strong breeze. Pull down the 
window shade closest to the computer, to prevent sunlight from beating directly onto 
the computer. 

During the winter, turn the computer off when the room temperature is below 
60°. If the computer's been sitting overnight in an unheated car or office, don't use 
the computer until it has warmed up. 

Make sure your computer gets enough electricity. Check which outlets in your 
house or office attach to which fuses, to make sure the computer's not on the same 
circuit as an electric heater, refrigerator, air conditioner, or other major appliance 
that consumes enough electricity to dim the lights. 


STEP 2: BUY A FLOPPY DISK CONTAINING THE CORRECT VERSION OF DOS 
If your computer was built by IBM, get PC-DOS 3.1. If your computer is a clone 
instead, get MS-DOS 3.1 and make sure your copy of MS-DOS includes GW BASIC. 

Here's why. 

DOS version 1 can't handle hard disks at all. 

The DOS version 2 family (which includes PC-DOS 2.0, PC-DOS 2.1, and MS-DOS 
2.11) can handle hard disks; but it's intended for hard disks that hold about 10 
megabytes. It's unreliable if your hard disk holds more than 16 megabytes. Since 
your hard disk probably holds 20, 30, or 40 megabytes, you should avoid DOS 
version 2. Here's why DOS version 2 is unreliable beyond 16 megabytes... . 

When you first use your hard disk, DOS searches for bad sectors on the hard 
disk, draws itself a map of where those bad sectors are, and remembers to avoid 
those bad sectors. DOS version 2 conducts that search for bad sectors throughout 
the first 16 megabytes but never bothers to map the bad sectors on the rest of a 
large hard disk. If you use DOS version 2, everything will seem to be fine at first; 
but when you finally fill more than 16 megabytes of your disk, DOS will eventually 
encounter bad sectors it didn't map, get upset, and refuse to run your programs. 

The DOS version 3 family maps a// the bad sectors, so it acts more reliably. But 
DOS versions 3.0 and 3.2 have their own peculiar bugs. DOS version 3.3 costs too 
much and consumes too much RAM. That's why you should get version 3.1—unless 
you're using 33-inch floppy disks, which don't accept DOS 3.1 and therefore require 
DOS ae22OLes is. 

The version of BASIC included in PC-DOS works on the IBM IBM PC but not on 


clones. The version of BASIC included in MS-DOS works on the clones but not on the 
IBM PC, 


STEP 3: BOOT FROM DRIVE A 
Turn off the computer. Grab a complete DOS disk. (Use the original DOS disk, not a 
copy, because many offices have made "copies" that are incomplete.) Put the DOS 
disk into floppy drive A. 


Turn on the computer. Type the date and time (as I explained in volume 1). 
The computer will display an A prompt, like this: 


A> 


(268) 


STEP 4: DO A LOW-LEVEL FORMAT 
This is the most dangerous step, because it erases the most fundamental information 
controlling the hard disk. 

If you're lucky, your dealer did this step for you already. Ask! 

If you decide to do this step yourself, the details depend on which hard disk and 
controller you bought. 

If your hard disk and computer came from IBM, buy the Advanced Diagnostics 
disk from your IBM dealer and put it in drive A. Turn the computer off, then on. 
Answer the computer's questions, with the help of IBM's manual. When you finish, 
turn the computer off and repeat step 3. 

If your hard disk is a Flashcard from Compu-Add, it came with a floppy disk 
called the Fixed Disk Utilities. Put that floppy disk into drive A. After the A prompt 
created by step 3, type "fdi", so your screen looks like this: 


A>fdi 


The computer will display a menu. 

Choose the second menu item (which is "Begin Format of Disk"), by pressing the 
F2 key then the Y key. The computer will do a low-level format then say "Format of 
Disk Successful". 

Choose the third menu item ("Perform Drive Diagnostics"), by pressing F3 then 
Y. The computer will test the controller's RAM, the drive, then the controller itself 
and tell you the tests succeeded. 

Exit the FDI program, by pressing ENTER then F10. The computer will display an 
A prompt. Put the DOS disk into drive A. 

If your hard-disk controller is a different brand, follow the instructions in the 
manual that came with your disk controller and disk drive. That manual's probably 
vague and confusing, so you'll need to ask your dealer's technicians for help. If you 
can't get hold of the manual or technicians, try the following. .. 

For MS-DOS, leave the main DOS disk in drive A. If you're using PC-DOS 
instead, put the "DOS Supplemental Programs" disk into drive A. 


After the A prompt (created by step 3), type the word "debug", so your screen 
looks like this: 


A>debug 
The computer will display a hyphen, like this: 


After that hyphen, type "g=c800:" then the setup address (which is 5 if the 
controller was built by Western Digital, 6 if by CMS, ccc if by Adaptec). For 
example, if the controller was built by Western Digital, type: 


-g=c800:5 
The computer will ask you questions. Answer them by using the manual or your 


dealer; when in doubt, try just pressing the ENTER key. When you finish, the 
computer will display an A prompt. Put the main DOS disk in drive A. 
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STEP 5: PARTITION THE DISK 
Like step 4, this step is dangerous: it erases information on your hard disk. 
Hopefully, your dealer did steps 4 and 5 for you already; if not, here's how to do 
step 4... 
After the A prompt created by step 3 or 4, type the word "fdisk", so your screen 
looks like this: 


A>fdisk 
When you press the ENTER key after "fdisk", the computer will say: 
Choose one of the following: 
1. Create DOS Partition 
2. Change Active Partition 
3. Delete DOS Partition 


4. Display Partition Data 
Enter choice: [1] 


Choose option 1, by pressing the ENTER key. 
The computer will ask: 


Do you wish to use the entire fixed disk for DOS (Y/N)? [Y] 


If your hard disk contains 32 megabytes or less, choose Y, by pressing the ENTER 
key. (If your hard disk is larger, you must partition it into several parts, each 
having at most 32 megabytes. For details on how to do that, see the manuals that 
came with DOS and your hard disk.) 

The computer will say: 


The current active partition is 1 
Press Esc. tosreturn to FDISK options 


Obey the computer: press the ESCape key. Then press the ESCape key again. Then 
press the SPACE bar. The computer will reboot: it will ask you for the date and time 
again. Fill them in. The computer will display an A prompt. 


STEP 6: GIVE THE "FORMAT" COMMAND 
Like steps 4 and 5, this step is dangerous: it erases the information on your hard 
disk. Hopefully, your dealer did steps 4, 5, and 6 for you already; if not, here's 
how to do step 5. : 
After the A prompt created by step 3, 4, or 5, type "format ec: Is/v", so your 
screen looks like this: 


A>format c:/s/v 
If you're using MS-DOS instead of PC-DOS, the computer will ask: 
Do you wish to format the hard disk? 


Tap the Y key. 
Next, regardless of which DOS you're using, the computer will ask: 


Proceed with Format (Y/N)? 


Tap the Y key, then the ENTER key. 
Several minutes later, the computer will ask: 


Volume label (11 characters, ENTER for none)? 
Type "hard disk", so your screen looks like this: 
Volume Label (11 characters, ENTER for none)? hard disk 
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STEP 7: TEST THE HARD DISK © 
Turn off the computer. Remove any floppy disks from the drives. Turn the computer 
back on. 
If your hard disk works properly, the computer will ask for the date and time and 
then say: 


C> 


STEP 8: COPY DOS ONTO THE HARD DISK 
Put the main DOS disk into drive A and say "copy a:*.*", so your screen looks like 
this: 


C>copy a:x.x* 


When you type that command, make sure to put a space between "copy" and "a"; do 
not put a space after the colon. 

After the computer says "files copied", put the other DOS disks (containing 
BASIC, etc.) into drive A; and for each disk, say "copy a:*. *". 


STEP 9: CREATE FUNDAMENTAL FILES 
Type this: 


C>copy con config.sys 
files=20 
buf fers=15 


(Exception: if your computer's a Leading Edge Model D, you must insert an extra 
line, saying "device=clkdvr.sys".) 

When you've typed all that, press the F6 key, then the ENTER key. The 
computer will say "1 file copied". 

Type this: 


C>copy con autoexec.bat 

echo off 

els 

prompt $p$g 
urax: 


(Exception: if your computer lacks a built-in clock, you must coach the computer by 
inserting lines saying "date" and "time". Put them immediately under "cls". ) 

Then press F6, then ENTER. The computer will say "1 file copied". 

Type this: 


C>copy con do.bat 
echo off 

cls 

ed \Z41 

hl 

eda\ 

dirk. 


Then press F6, then ENTER. The computer will say "1 file copied". 

Why? By doing all that, you're putting three fundamental files onto your hard 
disk. 

The first file (CONFIG.SYS) makes the computer reserve enough RAM to 
manipulate 20 files and 15 buffers simultaneously. (If you have a Leading Edge Model 
D, it also reminds the computer to use the built-in clock.) 

The second file (AUTOEXEC.BAT) erases the screen ("echo off" and "cls"), 
makes the computer continually tell you which subdirectories you're using ("prompt 
$p$g"), and prints a list of all the subdirectories on the disk ("dir *."). 

The third file (DO.BAT) defines the word "do", so that if you ever type a 
command such as "do music", the computer will automatically go into the MUSIC 
subdirectory ("ed \%1"), run the MUSIC program ("%1"), return to the main root 
directory ("ced \"), and print a menu of all the disk's subdirectories ("dir *."). 
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STEP 10: TEST THE AUTOEXEC.BAT FILE 
Turn off the computer. Remove any floppy disks from the drives. Turn the computer 
back on. 
If your AUTOEXEC.BAT file works properly, the computer will try to print a list 
of your subdirectories. Since you haven't created any subdirectories yet, the 
computer will say: 


Volume in drive C is HARD DISK 
Directory of C:\ 


File not found 


Ca\> 


Notice that the computer says "C:\>" instead of just "C>", because the 
AUTOEXEC.BAT file says to print a fancy prompt ("prompt $p$g"). 


STEP 11: CREATE SUBDIRECTORIES 
For each major program you buy, create a subdirectory. 

For example, suppose you buy a program called MARVELOUS MUSIC, which 
comes on a set of floppy disks. You should create a subdirectory for MARVELOUS 
MUSIC. Here's how. 

First, find out the name of MARVELOUS MUSIC's main file. You can do that by 
reading the MARVELOUS MUSIC instruction manual. For example, if the instruction 
manual says, "to start the program, type the word MUSIC", then the name of 
MARVELOUS MUSIC's main file is MUSIC. 

Another way to find the name of MARVELOUS MUSIC's main file is to put 
MARVELOUS MUSIC's main disk into drive A and examine its directory (by typing 
"dir a:"). If the directory shows a file ending in .EXE or .COM, that file's probably 
the main file. If the directory shows a file called AUTOEXEC.BAT, peek at what the 
AUTOEXEC.BAT file says (by saying "type a:autoexec.bat"); it probably mentions 
the main file. 

Suppose you've discovered the main file's name is MUSIC (or MUSIC.EXE or 
MUSIC.COM). Then make a MUSIC subdirectory on the hard disk, by typing "md 
music", so your screen looks like this: 


C:\>md music 


Next, go into that subdirectory by typing "cd music", so your screen looks like 
this: 
GiN>cd4 music 
To prove you're in drive C's MUSIC subdirectory, the computer will type: 
C: \MUSIC> 


Put a MARVELOUS MUSIC floppy into drive A. Copy all its files onto your hard 
disk, by typing "copy a:*.*" like this: 
C:\MUSIC>copy a:*.* 
Put another MARVELOUS MUSIC floppy into drive A, and say "copy a:*. *" again. Do 
the same for each floppy, until the entire set of MARVELOUS MUSIC floppies has 
been copied to the hard disk's MUSIC subdirectory. Then say "ed \", which returns 


you to the hard disk's main directory. 
Repeat that procedure for each application program you bought. 
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VARIANTS 


WHERE TO PUT PROGRAMS 
Your hard disk's main directory is called the root directory. You can also create 
subdirectories. Which files should you put in the root directory? Different 
computerists offer different answers. 

Answer 1: put DOS and fundamentals in the root. The beginning of this appendix 
gave an eleven-step procedure for setting up your hard disk. Step 8 recommended 
putting DOS in the root directory. Step 9 recommended putting three fundamental 
files (CONFIG.SYS, AUTOEXEC.BAT, and DO.BAT) in the root directory. Step 11 
put all other files in subdirectories. 

Answer 2: put everything in the root. Some computerists put a// their files in the 
root directory. They don't use subdirectories at all, so that they don't have to learn 
the three subdirectory commands (md, ed, and rd). 

But putting everything in the root directory makes it a large, unwieldy, 
disorganized mess. When you type "dir" to locate a file, the computer prints a list 
containing so many files that you have difficulty finding the one you want. 

Answer 3: put as little as possible in the root. Some computerists put just 
CONFIG.SYS and AUTOEXEC.BAT in the root. They put all other files into 
subdirectories. They put the DOS files in a subdirectory called DOS. They put 
general-purpose utilities (such as DO.BAT) in a subdirectory called UTILITY. 

But putting DOS in a subdirectory causes this hassle: whenever you want to give 
a DOS command (such as "format a:"), you must remind the computer to look in the 
DOS subdirectory (by saying "dos\format a:"). Similarly, instead of saying "do 
music" you must say "utility\do music". 

To avoid having to begin commands by saying "dos\" or "utility \", computerists 
use this trick: in the AUTOEXEC.BAT file, they include a line saying "path 
\dos; \utility". That line tells the computer to hunt in the DOS and UTILITY 
subdirectories whenever you give a command whose definition the computer can't 
find elsewhere. 

Although most subdirectories (such as MUSIC and POKER) can be activated by 
Saying "do" (such as "do music" or "do poker"), the DOS and UTILITIES 
Subdirectories are different: you cannot say "do dos" or "do utilities". That 
inconsistency can confuse a beginner. 

Recommendation. I prefer answer 1. 


WHERE TO PUT DATA FILES 
A hard disk contains programs and data files. In a typical business, the info in the 
data files changes daily, but the programs remain stable. The business makes 
backup copies of programs monthly but backs up data files daily, to ensure the 
backups incorporate the latest changes. 

To back up data files simply, some businesses put them all in a DATA 
Subdirectory, backed up daily. 

Sharing the disk. If several employees share a hard disk, they might accidentally 
destroy each other's data files. To prevent that, your business can give each 
employee a separate subdirectory. For example, you can put all of Fred's data files 
in a subdirectory called FRED and put Mary's data files in subdirectory MARY. 

An even surer way to prevent employees from destroying each other's data files 
is to give each employee a floppy disk. Fred gets a floppy labeled "Fred's data"; 
Mary gets a floppy labeled "Mary's data". No data files are stored on the hard disk, 
which contains just programs. But employees dislike using floppies, which are 
Slower than hard disks and can't handle long files. 

Recommendation. I recommend keeping things simple by creating as few 
subdirectories as possible. Put the MUSIC program and all its data files in the MUSIC 
subdirectory. To distinguish Fred's music from Mary's, have Fred begin his 
filenames with an F, and have Mary's begin with M. Let Fred be responsible for 
backing up his own files, and Mary be responsible for backing up hers. 
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BACHE 


THE FLOPPY SOLUTION 

You can copy your hard disk onto a pile of floppy disks, for backup. But since the 
typical hard disk contains 30 megabytes and a typical floppy disk contains just 
360K—some of which is consumed by the floppy disk's boot track and directory— you 
need nearly 100 floppy disks to hold a copy of what's on the hard disk. 

The IBM AT comes with a high-density floppy drive that squeezes 1.2 megabytes 
on a floppy instead of 360K. By using that drive, you can cut the number of floppy 
disks down to 30. 


If the hard disk isn't full yet, you can reduce the number of floppies even 
further. 


BACKUP COMMANDS 
To back up your entire hard disk onto a pile of floppy disks, give this DOS 
command: "backup c: *a:/s™. (Theo /s") ttélis? the’ computer \ to. back’ ‘upyall 
Mee aMin coy The computer will tell you when to insert each floppy disk into 
rive A. 

Before giving the backup command, make sure you have a pile of blank formatted 
floppy disks to put the backups on. 

To back up just the MUSIC subdirectory, say "backup e:music a:". To back up 
just the MUSIC subdirectory's SONG.DAT file, say "backup c:music\song.dat a:". 
If that file is short enough to fit on a single floppy, you can back it up more simply 
by saying "copy c:music\song.dat a:". 

The opposite of "backup" is "restore". For example, to copy the pile of floppy 
disks onto the hard disk, say "restore a: c:/s". To restore just MUSIC's 
SONG.DAT, say "restore a: c:music\song.dat". 


A PERSONAL TALE 
On my own hard disk, the only file that's critical is TRAN, which contains the details 
of every transaction that generated income or an order. Since it's too long to copy 
onto floppies quickly, I copy it instead to a file ealled TRANBAK on the same hard 
disk. Copying TRAN to TRANBAK takes just a few seconds, sol doit every day. IfI 
ever lose TRAN, I just tell the computer to rename TRANBAK to TRAN. Simple! 

But what happens if my whole hard disk suddenly goes bad, so that I lose TRAN 
and TRANBAK simultaneously? To prepare for such a calamity, once a week I copy 
TRAN onto floppies. I also keep paper records of all transactions that occurred 
during the week. 

Hard disks are fairly reliable. The only time calamity struck me was when I 
disobeyed the rules. On a summer afternoon when I was rushing to finish some 
research, I risked using the computer when the temperature was in the high 90's. I 
was sorry! The hard disk's outermost tracks-—-which contain the directory and the 
fundamental formatting information—burned up. (As we computer junkies say, "The 
tracks fried.") When I tried using the disk the next day, the computer told me the 
disk didn't exist. After saying a few prayers and other things, I got a new hard disk 
and restored the previous week's TRAN from floppies. 


BUYING BACKUP HARDWARE 
If your hard disk doesn't have enough room left to hold backup copies, buy a second 
hard disk. Call it "drive D", and tell the computer to copy from drive C to drive D, 
by saying "copy c:*.* d:". 

An alternative is to buy a high-speed tape drive that stores 60 megabytes on a 
single tape cartridge. You can remove the cartridge and pop in another, to store 
another 60 megabytes. But since tape drives are so expensive ($600 and up), I 
recommend buying a second hard disk instead. 
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NIFTM LANGUAGES 
FORTRAN Page COBOL Page EASY Page 
CALL YUMMY 52 ACCEPT K. VE: DATA MEAT 137 
CHARACTER*50 NAME 42 ADD 7 TO A. 68 GET X 135 
CLOSE (UNIT=3) 57 CLOSE POEM-FILE. 80 HERE IS FRED 135 
COMPLEX B 50 COMPUTE K = 53 + 4. 68 HOW TO PRETEND 137 
CONTINUE 36 DISPLAY "LIFE STINKS". 60 IF X<3 136 
DATA X/8.7/,Y/1.4/ 40 GO TO MAIN-ROUTINE. uy LET R=4 135 
DIMENSION X(4) 38 IF? E-> 54 et; 74 LOOP 136 
DO 30 1=80,100 36 MERGE SORT-FILE etc. 90 PICK SCORE 136 
DOUBLE PRECISION A 49 MOVE ''HER'' TO K. 66 PREPARE X(100) 137 
ELSE 35 OPEN OUTPUT POEM-FILE. 81 REPEAT 135 
END 20 PERFORM HATE-IT 6 TIMES. 63 SAY 2+2 134 
END IF 35 READ P-FILE AT END etc. 83 SKIP 135 
FORMAT (1X,'CHIP') 20 SORT SORT-FILE etc. 88 
FUNCTION F(X) 56 STOP RUN. 60 LISP 
GO TO 10 23 SUBTRACT 4 FROM B. 68 (CAR '(S DW)) #139 
TFSCaeeie 5S)ol=se a4 WRITE POEM-LINE. 82 (CDR '(S D W)) 139 
IF (X) 20,50,90 35 (COND etc. 141 
IMPLICIT etc. 49 COBOL'S OUTLINE (CONS 'M '(S D)) 139 
JUNKY=-47 24 x (DEFUN etc. 140 
OPENC(UNIT=3 etc. 57 IDENTIFICATION DIVISION. 60 (DIFFERENCE 7 6) 138 
in PRINT 10 20 PROGRAM-ID. 60 (PLUS “AdSot 1399113 38 
w| READ 20, N 30 AUTHOR. 60 (QUOTE LOVE) 139 
‘a =| RETURN 52 INSTALLATION. 94 (SETQ X 7) 140 
ww g;| STOP 23 DATE-WRITTEN. 94 (SUB1 N) 140 
= SUBROUTINE YUMMY 52 DATE-COMPILED. 94 (TIMES 2 3) 138 
abe WRITE(3,10) A 57 SECURITY. 94 
Ww . 8088 ASSEMBLER 
nS aI Cc ENVIRONMENT DIVISION. 60 ADD AX,5 186 
o| char grade; 105 CONFIGURATION SECTION. 60 DB ''I LOVE Yous" 190 
<} double rate; 102 SOURCE-COMPUTER. 60 DEC AX 187 
gets(name); 106 OBJECT-COMPUTER. 60 INC AX 187 
goto yummy; 110 SPECIAL-NAMES. 95 INT 20 189 
int n, population; 102 INPUT-OUTPUT SECTION. 80 INT 21 188 
printfC("I love"); 98 FILE-CONTROL. 80 JMP 104 189 
put char (grade); 105 MOV AX,2794 185 
putsC''your nose"); 97 DATA DIVISION. 60 SUB AX,3 186 
return (Catb)/2); 111 FILE SECTION: 80 
scanf (''Zd"' ,&age); 103 FD 80 
z=3; 102 01 80 
z(); 110 SD 88 
+-+-7' 102 01 88 
me ar 102 WORKING-STORAGE SECTION. 66 
01 66 
C'S PREFIXES 
else{ 108 PROCEDURE DIVISION. 60 
for (1=2;1<=9;++1){ 109 
if Cage<18){ 108 
maind){ 97 
while (1){ 109 
z0{ 110 
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WASTER INDEX 


Here's the index for all 3 volumes. After each topic, it tells the volume and page 
where discussion begins; read the next few pages also. To find a PASCAL command, 
look up "PASCAL summary", which in turn will lead you to the specific command. 


1-2-3: see Lotus 3116 assembly Language 3174 
286 chip: see 80286 Siatshic 5 LGD 
3-D drawing 2 37 algorithmic program 2 102 ke a 
3-Mile Island 3 254 alphab'ze: see sort assignment statem't 1 118 
386 chip: see 80386 Altair 1 89 Asteroids 2 OU 
4116 chip 16) 550 3 228 AT computer T sts 
41256 chip 1 30 ALU 5 19e Taco 
4164 chip 1 30 amber monitor 1 24 AT&T ie 8! 
47th St. Computer 1 68 Amiga uel te Tel o 
T2746 1 86 Atari BASIC t 282 
6502 assembler Si Too 2 46 4.520 
6502 chip 4 es 3 Ss 4S 2 268 
6510 chip 1 28 Amiga BASIC 3.124 Sees 
68000 assembler 3.183 Amnesia 2 65 Atari computers y) esi 
68000 chip 1 28 Amstrad CO 3 240 
6809 chip 1 28 Analiza 2 2 15 Atari history i sada V7 
80286 chip 1 28 analyst 3 244 Stas 
3.199 AND in BASIC TSS Gets: 
80386 chip 3199 Ann Arbor Software 2 45 Atari ST 2 46 
8086 chip 3199 APL Sialic, Ss: 
8088 assembler Sa 35 3145 Atariwriter f A 
3185 apostrophe 1 143 audio: see music 
3199 Apple 1 13  auto-answer modem Tes 
S260 1 80 auto-dial modem Tee 
8088 chip Je, #25 3. 4lce, Aucocad rT ¢ 
3 199 3 228 AUTOEXEC.BAT 1 204 
A prompt 2195 Sor Se et 
A/P 2112 Apple BASIC 1 290 Autosketch Ce 
A/R Cite 1 320 average 2 126 
Ability 1 60 TeS29im atric 15 
abort program A, sd 2 272 Babbage, Charles 5 «oc 
ABS in BASIC Pate | 2: 3.125 Back to Basics Pmt 
absolute value 2134 Appleworks 1 57 backgammon tay iE: 
accounting Cualebean APY 3 114 BACKSPACE key Teal > 
accumulator 3174 3.154 backup ee 4) 
3199 arcade games 2 60 backup in DOS Sets) 
Activision lee OL, area of curve 3 218 band printers Tr 45 
2 62 argument 2 134 Bank Street eecices 
ADA 1 54 arithmetic Ty +95 Fee via 
3112 Arnold, Matthew 2 84 baseball Fae NS iP 
116) annay 2 Vese BASIC a LES 
3132 array processing 3 196 s hiey A 
Adam: see Coleco art: see graphics BASIC compared a 6 
Adventure wilinn antiere inte s, see Al fe id ay 
2) Oia ASCE 2 138 BASIC details (ee 
Aerocomp eo oy a We Pit ka We 
aerospace 2 78 Ashton-Tate 1 269 BASIC history Salli 
AhL, Dave rag ef) Sve Ke So alice 
Al 7) BS 3.133 BASIC summary Toes 
2 88 Asimov, Isaac Cte, 2 281 
Aldus Pagemaker 2109 assembler 3174 BASIC versions ah’ 
ALGOL alli. Se 1278 
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basketball 
batch files 
batch processing 
Batteries Included 
baud 

BBS 

BEEP in BASIC 
Belle 

Bible 

binary numbers 
binary search 
biology 

BIOS 

bipolar chips 
Bird, Larry 
birth control 
bit 

blocks 
boldfacing 
books 
bookstores 
bootstrap 


Borland 


Boston Computer Ex. 
Boston Computer So. 


boxes in BASIC 
brain 
brainwaves 
BREAK key 
Broderbund 


Bromley Engineering 


buffers 

bug 

bulletin board 
Bunch 
Burroughs 
business 
Buttonware 
byte 


C 


C details 
Cehistory 


C summary 
Comer con 
cable 
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cache memory 
CAD/CAM 
Calculate in PFS 
calculus 


calendar 

Capek, Karel 
CAPS key 
careers 

Carmen Sandiego 
carry flag 


Casio 


CB Simulator 


cd in DOS 
CDC 
cell in 1-2-3 


center in 1=2-5 
center in word pro. 
Central Point 
Centronics 
Certificate Maker 
CGA 

chain printers 
character 

checkers 

chess 


chips 

chkdsk in DOS 
CIRCLE in BASIC 
Citizen printers 
clear screen 
clip art 

clones 


CES? ite BASIC 
clubs 
CMOS 


CMS 
COBOL 


COBOL details 
COBOL history 


COBOL summary 
coin flipping 
Coleco 

Coleco BASIC 


colon in BASIC 
color monitor 
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color/graph adapter 2 46 


colors in BASIC 
Column in 1-2-3 
Comb 

comma in PRINT 
comment 
Commodore 


Commodore BASIC 


communication 


Comp-Used 
Compaq 


composite monitor 
Compu-Add 


Compuserve 
Compusystems 
Computer Factory 
Computer Plus 
Computer Prod. Unl. 
computerizing 
condition 
CONFIG.SYS 
Conroy-LaPointe 


constants 
consultants 


contents of Guide 


control codes 


Control Des seexcpc 
Copy. Wiel=e-5 

copy in DOS 
copy-protected 
Cornerstone 
correct'n: see edit 
correspond. quality 
count 

coupler 


coupon for Secrets 


courses 


CP/M 


CP/M BASIC 

cps 

CPU 

crime 

crippled software 
CRT 

cube root 

curses 

cursor 


cycles in CPU 
cycles in history 


Dac-Easy Accounting 


daisy wheel 
dancing 

dangers 

data base 

DATA END in BASIC 
data 
Data General 
[ado 
in BASIC 


Data 
DATA 


Data 


data management 


data processing 


data-base managem't 


date in DOS 


Date, in PFS File 
DATES in BASIC 
dating service 
DBASE 


DBASE details 
DBASE history 
DBASE summary 
DBMS 

DCL 

death 

DEBUG in DOS 
debugging 


DEC BASIC 


files in BASIC 


Language Corp. 


DEC minicomputers 


DEC operating syst. 


DEC Rainbow 


decimal tabs 
decrement 
DEFINT in BASIC 
Degas Elite 
Delete in 1-2-3 
DELETE in BASIC 
Deluxe Paint 
density on disk 
Desk Mate 


desktop publishing 


Diablo printers 
Dialog 

dice 

dictionary 


Digital Eq: see DEC 


Digital Research 
DIM in BASIC 

DIP 

dir in DOS 


direct-access file 


directory 
discount dealers 


discount 
discount 


on 


on books 


discount 
discount 
discount on 
discount on 
discrimination 
diskcopy in DOS 


chips 
disks 
IBM's 


on 
on 


disks 


disks. in i-c-3 
disks in BASIC 
Displaywrite 


distributed process 


Ditto in PFS File 
DO.BAT 


documenting program 
Dokay Computer Pro. 


Doonesbury 

DOS 

DOS details 
DOS hard disks 
DOS mainframes 
DOS summary 


Apples 


printer 
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DOS versus OS/2 
dot-matrix printers 
double-density disk 
double-precision 
double-sided disk 
Dow Jones News/Ret. 
downloading 

DP 

Dracula 
draft-quality print 
Dragon's Lair 

DRAM 

drugs 

drum printers 

DSDD 

DSM-11 

dynamic RAM 

DYNAMO 


E notation 
EASY 


Easy word processor 
EBCDIC 

ECHO key 

EDIT in BASIC 
editing in BASIC 


editions of Guide 


educat.: 
EDVAC 
efficient programs 
EGA 

Einstein Writer 
Electric Desk 
Electrified 
Electronic Arts 


see course 


electronic mail 
Elf printer 
elite type 
Eliza 

ELSE in BASIC 
Enable 
encylopedia 

END IF in BASIC 
END in BASIC 
endnotes 
England 

English 

ENIAC 

ENTER key 
envelope of curve 
environment 
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EPROM 
Epson computers 


Epson printers 


Epyx 
equation solving 
Erase sin .bee-35 


erase in DOS 

Erase in PFS File 
erase screen 
erase: see editing 
error trap 


errors 
errors in BASIC 


Erving, Doctor J 
estimates 
Estridge, Don 
Excel 


exceptions 

exit from loop 
Exit in PFS-+File 
EXP in BASIC 
expert systems 
exponents 
expressions 
external command 


extrapolation 
Exxon 

eye test 
Facemaker 

fan mail 


Fantavision 
Farsight 
fdisk in DOS 
field 

file 


File in 1-2-3 
FILES in BASIC 
filling in 1-2-3 
firmware 

Fisher, Bobby 
flags 


floppy disks 
FOCAL 

fonts 
footers 
footnotes 
FOR in BASIC 
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foreword to Guide 
forgery 

Formatian 12=35 
format in DOS 


formatting a disk 


formula in 1-2-3 
FORTH 


FORTRAN 


Framework 

France 

Frankenstein 
Franklin BASIC 
freeware 

French colors 
friction-feed print 
Full Paint 


function 
function in 1-2-3 
function keys 


FX printers 
Game Maker 
game watches 
games 


garbage 
Gates, Bill 


Gem 

general ledger 
generations 
Generic Cadd 
geography 
geometry 

Global in 1-2-3 


GO TO in BASIC 
GO TO isn't nice 
Golden Oldies 
GOSUB in BASIC 
GPS 

GPSS 


Graph in 1-2-3 
graphics 
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graphics codes 
gray levels 
green-screen monit. 


Greenblatt, Richard 


H&R Block 


Hamilton, Alexander 


hard disks 


hardware 
Harmony Computers 


Harvard Pres. Graph 


hassles 

Hayes modems 
headers in word pr. 
Henry the Eighth 
heuristic 
Hewlett-Pa.: 
hexadecimal 


Hi-Tech Internat'l 
hidden computers 
hidden files 


high-density disks 
history 


Hitchhiker's Guide 
Hollerith, Herman 
home applications 
Homeword 
Honeywell 


horizontal software 


horoscopes 
HP 


HP BASIC 
Hunger 
I/0 


IAS 
IBM 
IBM 
IBM 
IBM 


3080 
3090 
4300 
BASIC 


IBM 
IBM 
IBM 


computers 
Displaywriter 
history 


see HP 
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IBM PC family 


IBM PS/2 
Ic 
IF in BASIC 


Imagewriter 


impact printers 
increment 


index 


index field 
index variable 
Infocom 
initial value 
ink-jet 

input 

INPUT in BASIC 


Insertiin-2-3 
instruction cycle 


instruction pointer 
instruction regist. 


INT in BASIC 
integers 
Intel 


interface 
interface chip 
Interlude 
internal command 
interpolation 
interview 
inventory 

Italy 

Li 


Jameco Electronics 
Japan 

Javelin 

Jazz 


JCL 

JDR Microdevices 
jiffy 

jobs 


Jobs, Steve 


JOSS 

joysticks 
joysticks in BASIC 
Just Write 
justified type 

K: see kilobyte 
Kahn, Philippe 
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Kamerman Labs 
Kapor, Mitch 


Kaypro 
Kemeny, John 


Kennedy, John 
keyboards 


keywords 
Kidwriter 
Kildall, Gary 
KILL in BASIC 
kilobyte 

King Kong 
Kitchen, Garry 
Koala pad 
Kurtz, Tom 


Kurzweil 
La Faim : 
Languages 


Lap computers 


Largest X 
Laser 128 


Laser printers 
Lawyer 

LCD 

LCSI 

Leading Edge 


least-square Line 
Leather Goddesses 
Letter-quality 
Lexis 

Library 

Lies 

Life 

Light pens 

LINE in BASIC 
Lisa 


LISP 


LIST in BASIC 
LLIST in BASIC 


1 
1 
3 
1 
1 
& 
2 
1 
& 
1 
a 
1 
1 
1 
1 
a 
1 
1 
3 
2 
2 
1 
2S 
3 
© 
3 
3 
S 
3 
1 
1 
2 
3 
a 
1 
2 
1 
Z 
1 
1 
1 
1 
3 
3 
2 
1 
2 
1 
2 
2 
1 
4 
4 
1 
4 
3 
3 
3 
1 
1 


LOAD in BASIC 
LOCATE in BASIC 
Logarithms 
Logicsoft 


LOGO 


LOGO details 
LOGO history 
LOGO summary 
Long John Silver 
lookahead 

Loops 


Lotus *1-2=-3 


Love 

Love Bug 
Lovelace, Ada 
Lom 

LPRINT in BASIC 
Lull, Ramon 
Lumena 

M: see megabyte 
Mac Charlie 


Mac Connection 
Mac Draw 

Mac Paint 

Mac Write 


machine Language 
Macintosh 


Macintosh BASIC 


macro 
Madison, James 
magazines 
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mailing labels 
mainframes 
maintenance 
map bad sectors 
margins 

Mark I 

marriage 

Mask Parade 
math 


matrix 

matrix printers 
maxicomputers 
MCA 

MCGA 

MCI Mail 

md in DOS 
Me-Books 

MECC 

medicine 
megabyte 
megahertz 

MEI Micro Center 
memory 


memory chips 
memory map 

MFT 

MHz 

Micro Channel 
Micro Connection 
micro-perf paper 
microcomputers 
microprocessor 


Microsmart 
Microsoft 
Microsoft 
Microsoft 
Microsoft 
Microsoft 
Microsoft 
Microsoft 


BASIC 
Chart 
Excel 
phone 
Windows 
Word 


Microsoft Xenix 
Microstar 

MIDI cable 
minicomputers 
minimax method 
misinformation 


mistake: see edit'g 


Mits 
mnemonic 
modems 
MODULA 
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modules 
monitor 


monochrome 
Monroe, Marilyn 


MOS chips 

MOS Technology 
motherboard 
Motorola 

mouse 

Move in 1-2-3 
MS-DOS 

MS-DOS details 


MS-DOS versus 0S/2 
MS-DOS versus Unix 
multi-user system 
MULTICS 

Multimate 
Multiplan 
multiprocessing 
multiprogramming 
MUMPS 

music 


Music Construc. 
music in BASIC 
MVT 

MX-80 
nanosecond 

NCR 

NEC 


nested Loop 
nested subroutine 
NEW in BASIC 
New Views 
newspapers 
Newword 

Nexis 

NEXT in BASIC 
nibble 

NLQ 

NMOS 


non-impact printers 


Northeast Com. Sto. 
Northeastern Softw. 


Northgate Comp. Sy. 
notch on disk 
nuclear energy 
numerical analysis 
NY PC 


Set 


AWWA SSM MW PN MPA NAN MRP MW KM BAW ANWNNNWWW OW OWNS SBem eae oaoaoapyp oo aoapWWW 
uw 


object code 

octal 

Office Writer 
Official Airline G. 
Oki printers 


Old Lady 

Olivetti 

Olympic Decathlon 
Omniwriter 

ON ERROR GO TO 

ON in BASIC 
online services 
Ontio 

op codes 
operating systems 


operations 


OR in BASIC 
order in art 
OSs 

0S/2 


Osborne 

Othello 

outline processor 
output 

Pac Man 

Pagemaker 

PAINT in BASIC 


Panasonic computers 


Panasonic printers 


Paradox 


Paragon 
parallel port 
parallel units 
parameter 
paranoid schizo 
parity 


partition hard disk 


PASCAL 


PASCAL details 
PASCAL history 


PASCAL summary 


pattern recognition 


pause 


PAUSE key 
payroll 
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PC 
PC 
PC 
PC 


boards 
clone: 
Connection 


PC Discount 


PC Network 


PC's Limited 


PC-DOS: see MS-DOS 
PC-File 

PC-Write 

PDP-11 


Peachtree 

PEEK in BASIC 
periodicals 
Perry Computers 
Perspective 

PFS File 


PFS First Choice 
PFS Plan 
PFS Report 


PFS Write 


PGA 
phone service 


pica 


picture processing 
PILOT 


pin feed 


pipeline architect. 


pixels 
PL/I 


Planning Assistant 
PLAY in BASIC 

PLOT in BASIC 
pocket computer 


poetry 
pointing 1-2-3 


POKE in BASIC 
Pong 


see clone 
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Poppins, Mary 
pornography 
Pornopoly 
port 
Powerbase 
ppm 

praise 


price trends 


Prime 
prime 
Print 
PRINT 


numbers 
in 1-2-3 
in BASIC 


Print in PFS File 


PRINT 
Print 


key 
Shop 


PRINT USING 
printer codes 
printer driver 
printer in BASIC 


printer in DOS 
printers 


privacy 

privileged instruc. 
prn in DOS 

Pro DOS 
probability 
processor chip 
Processor Tech 
program counter 
programmers 


programming 
Programs Plus 


PROGRESS 
projected coordina. 
PROLOG 


PROM 
prompt in DOS 


prompt in INPUT 


proportional space 
Protecto 

protocol method 
pseudocode 


psychology 


psychotherapy 
Q&A 


Quattro 
question mark 
Qi Eine l—2-S 
quiz 

Qume printers 


Radio Sh: see Tandy 


ragged-right text 
RAM 


random numbers 
random-access file 
RANDOMIZE 

Range in 1-2-3 
RBASE 


RCA cord 

rd in DOS 

READ in BASIC 
Reader's Digest 
Reagan, Ronnie 
real numbers 
real-time system 


Recaliculac an 1-2-5 


record 


Recreational Tech 
Reflex 


reflexive control 


refurbished compu'r 


registers 

relative access 
remark 

Remove in PFS File 


RENAME in BASIC 
rename in DOS 
RENUM in BASIC 
reprints 
restore in DOS 
Retrieve in 1-2-3 
RETURN in BASIC 
RETURN key 
Reverend Apple 
Reversi 

RGB monitor 

RND in BASIC 
robots 


Roland 
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Roller Coaster 
ROM 


root directory 
roots 
round-off error 


rounding 
RPG 


RS=232 

RSTS 

RSX-11 

RTS 

RUN in BASIC 


Russia 


Russian 

S-100 bus 
Samna 

Samuel, Arthur 
Sanyo 


Sargon 

Saveain i=c=5 
SAVE in BASIC 
SAY in BASIC 
scene analysis 
schizophrenic 
Scientific Stor. 
screen 

screen dump 


Ser tos tt 
Seagate 


search in PFS File 


search in WP 
segment register 
Seiko 

Select 

Selectric 
Selectrocution 


semicolon in PRINT 


sequential file 
serial port 
SEXY ASS 

SEXY MACHO 

SGN 

Shakespeare 
Shannon, Claude 
shareware 

Sharp 

SHIFT key 


shopping by compu'r 


shuffle cards 
Sidekick 
Sierra On-Line 
SIG 
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Silicon Beach 
silly Lines 
simulator 
Sinclair 


single-density disk 


single-sided disk 
sleeves 

slide show 
smallest X 

Smart 

SNOBOL 


sociology 


Softporn Adventure 


software 


Software Country 
software house 


Software Publishing 
Software Toolworks 


Solomon 

solving equations 
Sort ate i—c-35 
sort in BASIC 
sort in DOS 

SOUND in BASIC 
sounds: see music 
Source 

source code 

Space Invaders 
spaces in BASIC 
speaker 
specification 
speech: see voice 
spelling 


Spinnaker 


Spinwriter 
spline 
spooling 
Sprachlins 
spreadsheets 


Springboard Softwa. 


Sprint 
SPSS 


SQR in BASIC 
Square root 
SSDD 

SSI 

staf f 
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Star printers 
static RAM 

STEP in BASIC 
stitching a curve 
STOP in BASIC 
stories 


Story Machine 


story problems 
string functions 
strings 
stripping 


structured programs 


style 

SUB in BASIC 
subculture 
subdirectories 


subroutines 


subscript 
sum 


sum in 1-2-3 
Summer Games 
Super Paint 


Super Scripsit 
Supercalc 


supercomputers 
Superkey 
Superman 
supermicro 
supermini 
Supersoft 
support chips 
surge protectors 
SWAP in BASIC 
Switch box 
Symantec 
Symphony 


syntax error 


synthesizers 


sys in DOS 
system unit 
systems analyst 
systems program 


TAB in BASIC 
tab stops 
tables in BASIC 
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tablets 
Tandy 


6000 
BASIC 


Tandy 
Tandy 


discounts 
Eliza 
history 


Tandy 
Tandy 
Tandy 


rural 
VoxWatch 


Tandy 
Tandy 
tape 


tapes in BASIC 
telecommunication 
Telemart 
television: see TV 
Telewriter 
template 

terminal 

Terrapin 

testing 

Texas Instruments 


Textra 

therapy 

thermal printers 
thimble 
thrashing 
Thunder Scan 

Tid 
time in DOS 


Time in PFS File 
Time Zone 

TIMES in BASIC 
timesharing 
Ticles. in rece 


top-down program'ng 


TOPS-20 

total: see sum 
touch screens 
Toy Shop 

trace 

tracks on disk 


see Texas Inst. 
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tractor feed 
Tramiel, Jack 


translation 
transportable 
trap 

Treasure Island 
tree 


trial-size software 


Tricky Living 
trigonometry 
TRS: see Tandy 
Trudeau, Garry 
TTL monitor 
Turbo Lightning 
Turing, Alan 
turtle graphics 
1V 


Twin 

type in DOS 
types of numbers 
UAL 

underlining 
Univac 


Unix 


uploading 

used computers 
user grp.: 
USING in BASIC 
value of function 
variables 


VAX-11 


VDT 

Ventura Publisher 
vertical software 
VGA 

video card 

video RAM 
videodisk 


virtual memory 
Visicalc 


vision 
VM 


voice 


voice mail 
Volkswriter 
Vox Watch 
VP Planner 


see club 
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% 
2 
1 
1 
1 
1 
3 
1 
2 
ra 
3 
1 
3 
2 
2 
3 
J 
1 
2 
1 
3 
1 
Me 
2 
1 
2 
1 
1 


56 
228 


VS 

wait states 
Walter keyboard 
Walter, Russ 


Wang 


weddings 
Weizenbaum, Joe 


Western Digital 
Whalley 
Whirlwind 

width of field 
Wiener, Norbert 
Winchester 
Window in 1-2-3 
Word Perfect 


word processing 


word wrap 

Wordstar 

Worksheet in 1-2-3 
workspace in LOGO 
workstation 
Wozniak, Steve 


wrist watches 


write-protect notch 


Writing Assistant 
Xenix 


Xerox 
XT computer 


Xywrite 
Yamaha 

Yankee Doodle 
Z-80 chip 


Zenith 
Zilog 
zones in BASIC 


Zork 
Zuse, Konrad 
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SHARE 
Share your secret: photocopy the next page, and give it to a friend. If you know a 
young (or young-at-heart) computerist who's having a birthday, Christmas party, 


or graduation, turn these volumes into a present: send me the computerist's name, 
address, and either a greeting card or what you want me to say. 


PRICES & POLICIES 
The Secret Guide to Computers consists of three volumes. Volume 1 (Secret Skills) 
covers the fundamentals; volume 2 (Secret Thrills) covers the excitement; volume 3 
(Secret Chills) covers the hassles. Each volume costs just $8. Do not send money for 
regular (book-rate) postage and handling: I'll pay for them myself, even if you live 
in a foreign country. If you're not sure whether to order a book, go ahead: you can 
return unused books at any time, for a 100% refund. 


DISCOUNTS 


The list price is $8 per book; so the three-volume set costs $24. To pay less, get 
together with a friend: 


20% discount if you order 2 sets (or any 6 books); you pay just $6. 40 per book 
30% discount if you order 3 sets (or any 9 books); you pay just $5.60 per book 
40% discount if you order 4 sets (or any 12 books); you pay just $4. 80 per book 
90% discount if you order 50 sets (or any 150 books); you pay just $4 per book 
60% discount if you order 600 sets (or 1800 books); you pay just $3. 20 per book 


START YOUR OWN BOOK BUSINESS 
To start your own book business, buy books in quantity from us at discount, and 
Sell them to your friends for slightly under list price. You'll make your friends 
happy (since they'll pay less than list price), and you'll be happy also (because 
you'll be helping your friends and also be turning a profit). 


IF YOU'RE IN MASSACHUSETTS... 
If the person who orders the book, or the person we're shipping the book to, is in 
Massachusetts, we must charge Massachusetts sales tax—unless the book is for a 
government agency or tax-exempt agency (give us you tax-exempt number) or for 
resale (give us your Massachusetts resale number) or is a required text for a course 
(tell us which college and course). 


PICK-UP 
Normally, you get the books by mail. If you live near Boston and don't want to wait 
for your mailman, come to us and pick up the books yourself. Before you come, 
phone us at 617-666-2666, so we can give you directions and a guaranteed pick-up 
time. 


PURCHASE ORDERS 
If you work for a government agency (such as a public library or a public school), 
or an accredited private school, or an established bookstore or computer store, ora 
major computer manufacturer, we'll accept your purchase order, which you must pay 
30 days after receiving the books. 


REVIEW COPIES 
If you're a reviewer for a large magazine, or the head of a large computer 
department, you might be able to get a complimentary copy of The Secret Guide to 
Computers for review. To find out, phone us. 
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CUT OUT THIS COUPON! 


| 
| 
' How many copies do you want of volume 1 (Secret Skills)? 
| 
' How many copies do you want of volume 2 (Secret Thrills)? 
| 
' How many copies do you want of volume 3 (Secret Chills)? 


TOTAL number of books: 


TOTAL number Price per Price per book, if you're a Massachusetts 
of books book, usuall resident (including 5% sales tax) 
pee $8.00 $8. 40 
Gia $6. 40 $6.72 
Sh gar hel $5.60 $5.88 
ie 149 $4.80 $5.04 
150 - 1799 $4.00 $4.20 
1800 & up $3.20 $3.36 


Multiply your TOTAL number of books by the price per book, and write the 
TOTAL book price here: 
Put a check mark in front of the shipping method you choose... . 


0 Book rate (or library rate or parcel post or surface), to anywhere in the world: 
we charge nothing; free! 


O Special handling (which is faster than book rate, and almost as fast as priority 
mail), to U.S. only: we charge just $1 total, even if your order is large 


O Priority mail (first-class air-mail): we charge $2 per book to U.S., $6 per book 
to other countries 


Oo Express mail (usually overnight), to U.S. only: we charge $10 for the first 
book, plus $3 for each additional book 

FREE brochures on the following topics will become available soon. You can get on 

our mailing list now, by checking the brochures you want... . 

0 how you can get later editions of The Secret Guide to Computers 

O how you can get The Secret Guide to Tricky Living 

0 how you can attend one-day & two-day courses taught by Russ in various cities 

O how you can attend one-week & multi-week summer courses taught by Russ 


O how you can get Secret Videotapes 


In the box, PRINT your name and address: 


a) 


On the back, write any comments you have (pro or con) about the Secret Guide. 


Add the total book price to the shipping charges (if any); make the check or 
money order payable to The Secret Guide to Computers. Send to Russ Walter, 
22 Ashland St., Somerville, MA 02144. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
I 
| 
l 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
\ 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
I 
| 
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PRAISED BY TODAY'S COMPUTER MAGAZINES 

Russ Walter's Secret Guide to Computers is praised by all the famous microcomputer 
magazines. 

Personal Computing Magazine: “IE more college texts were written in the Russ 
Walter style, more college students would reach their commencement day." 

Computer Update: "Russ Walter is years ahead of the pack that claims to have 
ways of instructing computer novices." 

Abacus: eAeT nae Ss culture Walter provides the best current treatment of 
Shae Secon languages." 

onnecticut cones Society News: "Russ Walter's books have been used by 

insiders for years. 

Infoworld: ee Walter is recognized and respected as a knowledgeable and 
effective instructor.’ 

Classroom Connie? Learning: "Russ Walter's courses are intensive and 
inexpensive." 

Boston Computer News: "Computer wizard Russ Walter may be the cure to all 
your computer troubles." 

Compute: "Russ Walter's an industry leader." 

Eighty Micro: "Theatrical, madcap Russ Walter is a cult hero." 

Mac User: "It's an everything-under-one-roof computer technology guide." 

ee and PC World advise pompatene to listen to Russ. 
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PRAISED BY CLASSIC COMPUTER MAGAZINES 
the classic computer magazines. 


computer writings that one might dare call literature.' 
Cider Press: ee Guide should be given to all beginners with the purchase of 
itheir computers. ' 
Enter: "The Guide's the best book about the different computer languages." 
Softalk: "The Guide's long been a cult hit." 
Interface Age: "The Guide's a best buy. “ 

Computer Bargain Info: "The Guide is widely acclaimed By. experts as brilliant." 
Creative Computing: "We especially endorse the Guide.' 
Microcomputing: "Plan ahead; get in on the secret now. 
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| PRAISED AROUND THE WORLD 
|The Guide is praised by periodicals around the world. 


Australia's "Sydney Morning Herald": "The Guide's the best introduction to 
computers published anywhere in the world." 


Connecticut's "Hartford Courant": "If you plan to buy a personal computer, the 
best gift to give yourself is the Guide." 

The Detroit News: "Although lots of books claim to be sa tameatna the Guide's 
the only one that really includes everything." 

Scientific American: "No room that holds small computer and an adult learning 
to use it is well equipped without the Guide.’ 

The Whole Earth Catalog's "Coevolution Quarterly": "The Guide is the only 
introductory survey of equipment that's kept up to date." 

The Wall Street Journal: "Russ Walter's a computer expert, a guru who doesn't 
mind phone calls." 

Barron's: "Russ Walter's a computer expert who answers consumer's questions 
for free and has been inundated by calls." 

The Australian: "Read the Guide and you'll have a very good idea of how 
computers and programs work." 

Esquire: "The Guide contains fact and opinion untainted by bias." 

he Boston Globe, The Philadelphia Inquirer, and many other newspapers, TV 


stations, and radio stations have quoted Russ extensively and called him "a computer 
expert". 


Popular Computing Magazine: "The Secret eel is the first collection of] 


Ul 
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The Guide's now in its twelfth edition. Each previous edition's been praised by all 


ie 


